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A New Method for the Determination of Boron by Spectrophotometry 
with Pyrocatechol Violet 


By Kazuo HIRO 





(Received December 7, 1960) 


For the photometric determination of boron, 
most of the reagents such as oxyanthraquinones 
are used in concentrated sulfuric acid media, 
in another case using curcumin, the sample 
solution should be evaporated with the reagent 
solution under carefully controlled conditions 
for color development. Since these procedures 
are very tedious and time consuming, it would 
seem very useful if the color development 
could be substantiated simply and rapidly in 
aqueous media. 

In previous publications it has been reported 
that some of the colorimetric reagents such as 
polyvinylalcohol':*?, chromotropic acid*’, vic- 
toria violet and H-resorcinol’? can be used 
in aqueous media, and that some reagents are 
applied to indirect methods. However, many 
of them are not always applicable to routine 
work, as they are less accessible reagents, and 
in the case of chromotropic acid the measure- 
ments must be carried out in the ultraviolet 
region. 

Pyrocatechol violet, a kind of sulfophthalein 
dye, is generally used as a metallochromic 
indicator for chelatometry and as photometric 
reagent for many metal ions such as zirco- 
nium’:*’, thorium”, copper'?, bismuth'!?, alumi- 
num!~? and yttrium Patrovsky'” studied the 
detection of boron, niobium, germanium and 
tantalum using this reagent. 

In this paper the application of the reagent 
to the determination of boron has been de- 
scribed, and the proposed method is very 
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convenient and useful, because the procedure 
is carried out in an aqueous medium and the 
absorbance can be measured in the visible 
region. In this study, the absorption curves of 
dilute pyrocatechol violet solutions with various 
pH values were taken, and the existence of an 
isosbestic point at 494my/e was. confirmed, 
various facts including the effect of pH and 
of the reagent concentration, stability of the 
color and effect of temperature and of the sort 
of buffer solutions were examined. The inter- 
ference of diverse metal ions is masked by 
adding ethylenediaminetetra-acetate solution as 
a sequestering agent. Beer’s law is obeyed in 
the range 0.2 to 2.0 p. p.m. of boron at 494 my. 


Experimental 


Apparatus. — Spectrophotometric measurements 
were made with a Shimadzu quartz spectrophoto- 
meter, Model QB-50, with | cm. glass transmission 
cells. A Horiba glass electrode pH meter, Model 
H-3 was used for all pH measurements. 

Materials.—Standard Boron Solutions. — Dissolve 
0.5716 g. of reagent grade boric acid in 1000 ml. of 
water. One milliliter of the solution corresponds 
to 100 7g. of boron. Dilute an aliquot of the 
solution with water, and prepare 10.0p.p.m. and 
5.0p. p.m. of standard boron solutions. 

Pyrocatechol Violet Solution. — Prepare a 2x 10°3M 
aqueous solution (Dotite PV). 

Buffer Solutions.—-Prepare an ammonium chloride- 
ammonium hydroxide buffer solution by mixing 8 
parts of 0.5M ammonium chloride solution and 1 
part of 0.5 M aqueous ammonia solution, and adjust 
the pH to 8.55~8.60. Veronal buffer solution is 
prepared as follows. To 100ml. of mixed solution 
of M/7 sodium diethylbarbiturate and M/7 sodium 
acetate add 40 ml. of 0.85% sodium chloride solution 
and 25ml. of 0.1N hydrochloric acid, and adjust 
to pH 8.55~8.60. 

Ethylenediaminetetraacetate Solution. Dissolve 
disodium ethylenediaminetetraacetate (dihydrate) 
in water to make the concentration of 5x10°2M. 

Other various salt solutions are prepared from 
analytical grade reagents. 

Measurement of Absorption Spectra of Pyrocate- 
cholviolet.—- Twenty milliliters of 10°4M pyrocate- 
chol violet solutions were mixed with Sml. of 
veronal buffer solutions of various pH values and 
diluted to S5O0ml. with water. The absorption 
spectra of these solutions were measured with water 
as reference. 

Procedure.—-Pipet the boron solution containing 
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measuring 
flask, add Sml. of 2“10°*M_ pyrocatechol violet 
solution and 5ml. of buffer solution at pH 8.55~ 
8.60, and dilute to the mark with water. Measure 
mixed solution 


25 ng. or SO rg. of boron into a 25 ml. 


the absorption at 494m; use 
containing S5ml. of pyrocatechol violet and buffer in 
25 ml. as reference 

In order to study the effect of diverse salts, color 
developments were made using 25 ”g. of boron 
with various amounts of 42%, salt solutions, and 
measurements were made for the solution with 
50 wg. of several cations. 

The effect of the temperature upon the absorbance 
was investigated as follows. Solutions containing 
2.0 p. p.m. of boron were warmed in a water bath 
at a proper temperature for 15 min., and the ab- 
sorbance of the solutions was measured against a 
reference treated similarly. For the solutions 
containing 1.0 p. p. m. of boron, absorbance and 
temperature of the warm solutions were measured 


at proper intervals. 


Results 


Absorption Spectra of Pyrocatechol Violet 
Solution. Fig. | shows the absorption curves 
of 4x10~°M pyrocatechol violet solutions at 
various pH values. It is found that, as the 
pH of the solution decreases, a maximum 
(450 m/t) appears, while when the pH increases 
absorbance at the absorption maximum (600 
m/t) increases, and there is an isosbestic point 
at 494myt. Since the absorbance at the iso- 
sbestic point is not affected by the pH value of 
solutions, and the absorbance of reagent blank 
is always constant at the wavelength, the use 
of this isosbestic point is very advantageous 


0.8 


Absorbance 





$$ $$ 
360 400 450 500 550 600 650 


Wavelength, my: 


Fig. 1. Absorption spectra of pyrocatechol 
violet solution at various pH’s. 
1 pH 9.32 6 pH 8.21 11 pH 7.21 
2 8.98 7 8.10 12 5.80 
3 8.72 8 7.95 13 4.55 
4 8.53 9 7.79 
3 8.41 10 7.63 
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for the determination of boron. 
Effect of pH.— As shown in Fig. 2, it is 


found that the maximum absorptions were 
obtained at pH range of 8.3~8.6. 


20 P.Pm 


Boron=10 p.Pm 


Absorbance 


| 
| / X 





00 
ton 8.0 8.5 9.0 


pH 
Fig. 2. Effect of pH value. 


2~10°>%Mm Pyrocatechol violet soln. ; 


2 5.0 ml., 
5.0 ml., 


Veronal buffer soln. : 
Measured at 494 my 


Absorption Spectra of Colored Boron-Pyro- 
catechol Violet Solution.—Fig. 3 shows the 
absorption curves of the boron-pyrocatechol- 
violet solutions, obtained by the standard pro- 
cedure. The maximum absorption is shown at 
484 my. 


Absorbance 





400 450 500 550 


Wavelength, my 
Fig. 3. Absorption spectra of colored boron- 
pyrocatechol violet solutions. 
2 10°-3m Pyrocatechol violet soln. ; 5.0 ml. 
NH,CI-NH;OH buffer soln. ; 5.0 ml. 


Reagent Concentration.—_In order to test the 
effect of concentration of pyrocatechol violet, a 
series of the absorbances was measured under 
various concentrations of the reagent, using 
the reagent blanks of the same concentration 


December, 196] ] 


as references. As shown in Fig. 4, Sml. of 
2x10~-°™M pyrocatechol violet solution in 25 ml. 
is the optimum amount. 
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2«10°-3m P. V. soln. added, ml. 


Fig. 4. Effect of pyrocatechol violet con- 
centration. 
Boron concentration ; 2.0 p. p. m. 
NH,CI-NH,OH buffer soln. ; 5.0 ml 
Measured at 494 my. 


Effect of Buffer Solutions. The effect of 


buffer solution was tested with varying amounts 
of 0.5M ammonium chloride-ammonia buffer 
solution or ve,onal buffer solution. At least 
2 ml. of both buffer solutions are essential, as 
shown in Figs. 5 and 6, and 5 ml. is preferable, 
for the purpose of avoiding the pH change 
due to the addition of various salts in the 
following experiments. 
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NH,CI-NH,OH buffer soln. added, ml. 


Fig. 5. Effect of buffer solution (1). In the 
case of ammonium chloride-ammonium 
hydroxide buffer solution. 

2 10~%Mm Pyrocatechol violet soln. ; 
Measured at 494 my 


5.0ml. 
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Veronal buffer soln. added, ml. 
Fig. 6. Effect of buffer solution (II). In the 


case of veronal buffer solution. 
2» 10-3 M Pyrocatechol violet soln 


5.0m! 


Measured at 494 my 


Color Stability.— Fig. 7 shows that the ab- 
sorbance of colored solutions is constant for 
20 min. Consequently the measurements 
should be done within 20min. after color 
development. 
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Time of standing, min. 
Fig. 7. Color stability of boron-pyrocate- 


chol violet solutions. 

2 «10° m Pyrocatechol violet soln. ; 
Veronal buffer soln. ; 5.0 ml. 
Measured at 494 mys 


Temperature ; 26~27 ¢ 


5.0 ml. 


Temperature. [t is observed that the absorb- 
ance is affected by temperature, that is, the 
intensity of absorbance increases as temperature 
is lowered, and there is an apparent linear 
relationship between absorbance and tempera- 
ture as shown in Fig. 8. The temperature 
coefficients are 0.92710 C for 2.0p. p.m. 
and 0.330 10 C for 1.0p. p.m. of boron. 
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Fig. 9. Stability of pyrocatechol violet solution. 





- 2~10°*m Pyrocatechol violet soln. ; 5.0 ml. 
30 39 Veronal or NH;CI-NH,OH buffer soln. ; 


Temp., °C 5.0 ml. 
Measured at 494 my 
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Fig. 8. Effect of temperature. 


2.10 *'m Pyrocatechol violet soln. ; 5.0 ml. 


Veronal or NH.CI-NH,OH buffer soln. ;: Diverse Salts.. The results are presented in 
5.0ml. Table I. It was found that the presence of 
Measured at 494m such salts as potassium fluoride, sodium chlo- 
ride, potassium iodide, sodium sulfate, disodium 

Stability of Pyrocatechol Violet Solution. The hydrogenphosphate and _ potassium sodium 
solution of pyrocatechol violet is stable for tartrate do not interfere even at a concentra- 
more than one month, as shown in Fig. 9. tion of 200mg. per 25 ml. But sodium sulfite 


TABLE I. EFFECT OF DIVERSE SALTS 


Added, mg. 


Salt 

0 40 80 120 200 
KI 0.159 0.150 0.156 0.158 0.158 
NaCl 0.164 0.163 0.155 0.151 0.145 
Kl 0.159 0.158 0.151 0.152 0.150 
Na. SO, 0.153 0.155 0.158 0.156 0.153 
Na:HPO,-12H.O 0.156 0.154 0.155 0.157 0.152 
Na.SO 0.154 0.106 0.099 0.088 0.074 
KNO 0.153 0.171 0.183 0.181 0.181 
K NaC,H,0O,-4H.O 0.155 0.150 0.157 0.152 0.152 
56Na.0-44SiO 0.156 0.156 0.156 0.159 0.158 
NaHCO 0.153 0.154 0.154 0.155 0.156 

TABLE II. EFFECT OF DIVERSE METAL IONS 
Added, mg. 
lon EDTA none S»~10--m EDTA 0.5 ml. added 

0 50 100 200 500 
Magnesium 0.164 0.125 0.163 0.165 0.166 
Zine 0.158 0.091 0.161 0.155 0.157 
Copper (11) 0.159 0.095 0.154 0.152 0.162 
Aluminum 0.156 0.308 0.009 0.377 0.705 
Lead 0.152 0.162 0.154 0.150 0.153 
Manganase(I1) 0.030 0.160 0.157 0.158 
Nickel 0.070 0.159 0.153 0.150 
Cobalt (11) 0.015 0.155 0.152 0.153 


Cadmium 0.125 0.151 0.158 0.155 
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and potassium nitrate interfere when 40 mg. 
per 25 ml. are present. 

Diverse Metal Ions.. As shown in Table II, 
the following ions interfere seriously: Mag- 
nesium, zinc, copper(II), manganase (II), nickel, 
cobalt(II), cadmium and aluminum. Since 
these cations form stable chelates with ethylene- 
diaminetetraacetate, when disodium salt of 
ethylenediaminetetraacetate is present in con- 
centration of 10-°M, they are masked effectively 
and do not interfer even at the concentration 
of 20p.p.m. However, the interference of 
aluminum can not be eliminated. 

Calibration Curve. Measurements were made 
for the solutions containing various amounts 


of boron. Beer’s law is obeyed up to 2.0 


p.p.m. of boron as shown in Fig. 10. The 
sensitivity of this method was 0.006085 //:g. 
and the mean error was 1.59%. Standard 


deviation was 0.002528 in absorbance for ten 
reproducible measurements for each 1.0 p. p. m. 
of boron. 


ff 


03 - 


f 


3 02 
5S 
< 01 

ff 

bidet 0 10 20 30 40 fe) 
Boron taken, yg./25 ml. 
Fig. 10. Calibration curve. 

2~10-*m Pyrocatechol violet soln.; 5.0 ml. 


NH,CI-NH,OH buffer soln. ; 5.0 ml. 
Measured at 494 my 


Temperature ; 26~27 C. 


Discussion 


The proposed new photometric method for 
the determination of boron by using pyrocate- 
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chol violet as a color reagent is simple in pro- 
cedure as compared with the other methods. 

From Fig. 1, considerations can be made as 
Because pyrocatechol violet is a tetra- 
basic acid and consequently can release four 
protons, it may be formulated as H,F, the 
absorption band with peak at 450mv/ can be 
considered as belonging exclusively to H;F~, 
and the peak at 600 my: must be due to H:I 
form. 

As shown in Fig. 3, for the spectrophoto- 
metric measurements it is desired to choose 
the maximum wavelength at 482my:,_ but 
because the absorbance of pyrocatechol violet 
solution is not affected by pH value at the 
isosbestic point 494my it is preferable that 
the isosbestic point be chosen for the deter- 
mination of boron, although photometric 
sensitivity is lowered slightly. 

The proposed method has the feature of no 
preliminary separation of diverse ions, because 
many of them may be masked by ethylenedi- 
aminetetraacetate. This method can thus 
effectively be used for the determination of 
boron in such samples as metals, metallic 
oxides and alloys. 

In this procedure, however, color intensity 
is considerably affected by temperature, so the 
absorption measurements must be done under 
constant temperature. Fortunately the effect 
of temperature difference will be corrected, 
provided that the calibration curves are made 
simultaneously. 

Investigations for the effects of other diverse 
salts and metal ions and also the determination 


follows. 


of boron for many metallic samples are now 
proceeding in this laboratory. 
The author is indebted to Dr. Yuroku 


Yamamoto, Kyoto University, for his guidance 
and to Dr. Isao Muraki, Chief of the Sth 
Department of our Institute, for his useful 
suggestions. 


Osaka Industrial Research Institute 
Ovyodo-ku, Osaka 
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Method for the Spectrophotometric Determination 


of Boron with Quercetin 


By Kazuo Hiro 


(Received January 


In previous publications it was reported that 
morin, a kind 
reagent for the fluorimeric and 
metric determination of boron’. By an 
analogous consideration on the basis of the 
chemical constitution of the reagent, it may 
be said that there is a possibility of using 
quercetin instead of morin for the photometric 
determination of boron. 

The formula for both compounds are: 


of oxyflavone, was used as a 
spectrophoto- 


OH OH 
HO O HO Oo. / OH 
OH ee 
on /\/ OH 
OH O OH O 
Morin Quercetin 
In the field of photometry, quercetin was 


already used as a coloring reagent for germa- 
nium zirconium’? and molybdenum’? etc. 
in previous publications. Wilson formerly 
reported the reactivity of boron with several 
kinds of flavone compounds including only a 
brief description on quercetin”. 

On the result of preliminary 
the present author was confident that quercetin 
could be applicable 
boron. In this paper, therefore, the application 
of the reagent to a new photometric method 
for boron has been described. 
reagent concentration, oxalic acid, and hydro- 
gen ion concentration are examined. In addi- 
tion, various conditions including temperature, 
duration of heating, and vessel material for 
evaporation of sample solution, and _ stability 
of the color, solvent of dried residue and 
diverse salts and the stability of the reagent 
solution have been investigated. It was found 
that the colored complex of boron-quercetin 
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to the determination of 


The effects of 
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under the proposed 
was obeyed 
of boron 


has a mole ratio of 1:1 
condition, and that Beer’s law 
over the range 0.00 to 0.50 p. p.m. 
at 445 mv. 

The new photometric method for deter- 
mination of boron was applied to graphite 
samples, and satisfactory results were obtained. 


Experimental 
Apparatus. --Spectrophotometric measurements 
were made with a Shimadzu quartz spectrophoto- 
meter, Model QB-50, using Icm. glass transmission 
Operation of color development a 
<35cem. and an air bath of 


cells. For the 
water bath of 50 35 
ordinary type were used. 

Materials. —- Dissolve 0.5716g. of reagent grade 
boric acid in 11. of water to make a solution cor- 
responding to 100.0 ”g. of boron per 1.0 ml. Dilute 


an aliquot of the solution with water, and prepare 
standard solutions containing 5.0p.p.m. and 2.¢ 
Prepare a 0.2%) ethanolic quer- 
of analytical 
make a 20% 
acid solution. 


p.p.m. of boron. 
cetin solution. Dissolve 
reagent grade in 95 ethanol to 
solution. Prepare 1N_ hydrochloric 
All other salt solutions are prepared from reagents 


oxalic acid 


of analytical grade. 

Standard Procedure.—-Pipet an aliquot of the 
boron solution containing about 5.0 7g. of boron 
into a 100 ml. quartz beaker, add a suitable amount 
of water up to 2.0ml. and add successively 1.0 ml. 
of IN acid, 3.0ml. of 20% oxalic 
acid solution and !.0ml. of solution. 
Mix thoroughly and evaporate the 


hydrochloric 
quercetin 
contents to 
dryness on a water bath at 55+3 C. Subsequent 
to complete dryness, place the beaker in an air bath 
at 60~90 C, and keep it there for about Ihr. to 
make sure of complete color development. After 
cooling to room temperature, dissolve the residue 
in 10ml. of acetone and measure the absorbance 
at 445 my with acetone as reference. 
To ascertain the stability of the 
absorbance of the solution at proper 
time after color development. In order 
the effect of diverse salts, color developments were 
made using 2.0 ng. of boron in the presence of 
various amounts of 0.5 or 2.0% salt solutions. 
Measurements of absorption spectra were made 
in respect to the solution obtained by the above- 
procedure at every Smy intervals of 


color, read 
intervals of 


to study 


mentioned 

wavelength. 
Determination of Boron in Graphite Samples.- 

Determination of boron in graphite samples was 
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made as follows». Weigh powdered sample into a 
platinum boat, add 2.0 ml. of 3%, calcium hydroxide 
aqueous suspension and mix well. Evaporate the 
graphite to dryness on a small heater, introduce 
the boat into a combustion tube in an electric 
furnace heated at 900°C and ash the sample in a 
current of oxygen. After cooling, remove carefully 
the ash into a distillation apparatus and distil off 
boron as methyl borate injo a 100 ml. quartz beaker 
1.4 ml. of 0.2N sodium hydroxide 
solution and 9.0 ml. of water. Evaporate the con- 
tents In a quartz beaker to dryness on a water 
bath warmed at 40~50°C, and add !.4 ml. of 0.2 N 
sulfuric acid to the dried residue and then treat as 
mentioned above. 


containing 


Results 


Absorption Spectra of the Complex.The 
absorption curves of colored solutions obtained 
by standard procedure are shown in Fig. 1. 
There is a maximum at 445m, which suits 
for the spectrophotometric measurements. 
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Fig. 1. Absorption spectra of colored complex 
of boron-quercetin. 
Boron; 3.0 7g., 1.0 “7g. and 0.0 wg. 
Quercetin ; 0.2% soln., 1.0 ml. (A-lot) 
Oxalic acid; 20% soln., 3.0 ml. 
HCl; 1N soln., 1.0ml. Water; 3.0 ml. 

Obtained against acetone as reference 
@-- Obtained against blank as reference 


Reagent Concentration.._Absorbances of a 
series of solutions contained 1.0 and 3.0 vg. of 
boron were measured in the presence of various 
amounts of the reagent. As shown in Fig. 2, 
1.0 ml. of 0.2% quercetin solution is the 
optimum amount. 

Oxalic Acid Concentration.— A test was made 
using 1.0 and 3.0 vg. of boron in the presence 
of varying amounts of 20% oxalic acid solu- 
tion. The results indicate that 3.0 ml. of oxalic 
acid is recommended as shown in Fig. 3. 


8) I. Muraki and K. Hiiro, J. Chem. So Japan, Pu 
( m. Sec. (Nippon Kagaku Zusshi), 78, 850 (1957). 
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Fig. 3. Effect of oxalic acid added 
Boron; 3.0 ”g. and 1.0 g. 


soln., 1.0 ml. (A-lot) 
Water; 3.0 ml. 


Quercetin ; 0.2% 
HCl: 1N soln., 1.0 ml. 
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Fig. 4. Effect of hydrochloric acid added. 
Boron; 3.0 ~g. and 1.0 /g. 


Quercetin; 0.2% soln., 1.0 ml. (A-lot) 
Oxalic acid; 20% soln., 3.0 ml. 
Water ; 3.0 ml. 


Hydrochloric Acid Concentration.—As shown 
in Fig. 4, it appears that the maximum absorp- 
tion is obtained when 1.0ml. of 1N hydro- 
chloric acid is used. 

Effect of Water.—The absorbances were 
affected by the amount of water. As shown 
in Fig. 5, 3.0~4.0 ml. of water is always needed 
for complete color development in this pro- 


cedure. 
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Effect of Drying Conditions on Color Forma- = a water bath at 55-+3-C for 4hr. and then in 
tion. As shown in Table I, the absorbance of an air bath at 60 to 90°C for 1 hr. 
the resulting solution containing 2.0 ”g. of The effect of the kind of vessel on evapora- 
boron is affected by drying conditions for color tion was tested. It was desired to use a quartz 
development. Most satisfactory results were beaker or a platinum basin as shown in Table 
obtained when evaporation was made first on Il. In the cases of a glass or polyethylene 
beaker some interferences were observed. 
0.6 
| 0.5 
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Fig. 5. Effect of water present. 01 
Boron; 3.0 ”g. and 1.0 g. . 
Quercetin; 0.2%, soln., 1.0 ml. (A-lot) 
Oxalic acid; 20%, soln., 3.0 ml 0.0 Oe 
HCI; IN soln., 1.0 ml. 0 2 4 6 8 19 


Time of standing, min. 


FABLE I. Errecr OF DRYING CONDITIONS ON Fis. 6. Effect of kind of solvent. 
2 inl ht lacenic hal aed Boron ; 2.0 yg. 

Boron; 2.0 7g. Quercetin; 0.2% soln., 1.0 Quercetin; 0.2%. soln., 1.0 ml. (B-lot) 

ml. (B-lot) Oxalic acid; 20%, soln., 3.0 ml. Oxalic acid; 20%, soln., 3.0 ml. 

HCI; IN soln., 1.0 ml. Water; 3.0 ml. HCI: IN soln., 1.0 ml. 


Water; 3.0 ml. 


Drying conditions 
Pure acetone 





On water In air In desicca- In air Absorbance Acetone: Water=1: 1 
bath bath tor, hr. bath ~ Ethyl alcohol 
ree C) C, hr. C, hr. ¢ Methyl isobutyl ketone 
= , a Ss Toluene 
S ra 
) 0. 435 3 Acetone: Water=4: 1 
6.0 0.451 ¢ Methyl! alcohol 
4.0 60, 1.0 0.466 -~ Butyl alchol 
4.0 60, 2.0 0.453 O Carbon tetrachloride 
4.0 Tay @3 0.388 
wae as 0.5 
4.0 y, 6.0 0.455 
- 
4.0 75, 2.0 0.466 ee eo 
4.0 90, 0.5 0.462 0.4 Boron=2.0ug. 
4.0 90, 1.0 0.455 
4.0 90, 2.0 0.450 
4.0 134 1% 40 13, 6.5 0.461 “4 0.3 
4.0 75, 1.0 40 75, 1.0 0.465 5 
TABLE Hl. Errecr OF KINDS OF VESSEL Z 0.2 
Boron; 2.0 /g. Quercetin; 0.225 soln., 1.0 < 000-O—0—_5__5 9 5 —_9 
ml.(B-lot) Oxalic acid; 20%. soln., 3.0 ml. oak Boron=0.5:086 
HCI; IN soln., 1.0ml. Water; 3.0 ml. ; 
Boron 
Kinds of vessel Absorbance found 
a ee a a 
HB. 0 5 10 15 2 25 30 
100 ml. Quartz beaker 0.465 1.9 , . 
7 ; ie Time of standing, min. 
50 ml. Quartz beaker 0.470 2.0 — Se , 
: nays Fig. 7. Stability of the color. 
100 ml. Glass beaker 0.503 2.1 _ 4 . 
P . $ . Boron; 2.0 ”g. and 0.5 mg. 
50 ml. Glass beaker 0.484 -.0 Quercetin; 0.2% soln., 1.0 ml. (B-lot) 
Platinum basin, deep type 0.468 1.9, Oxalic acid; 20% soln., 3.0 ml. 
Platinum basin, shallow type .470 2.0 HC!: IN soln., 1.0 ml. 
100 ml. Polyethylene beaker 0.558 2.4 Waier; 3.0 ml. 
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Effect of the Kind of Solvent on Colored Com- 
plex.- Various kinds of solvent for extraction 
of boron-quercetin colored complex are tested 
with 2.0 “g. of boron. Fig. 6 shows that the 
best results are obtained in the case of pure 
acetone as a solvent. 

Color Stability...The absorbance of colored 
solutions is almost constant within 10 min., 
and then decreases slightly as shown in Fig. 
7. It is thus desired to measure the absorb- 
ances within 10min. after colored complex is 
dissolved with acetone. 

Stability of Quercetin Solution during Storage. 

It is found that the absorbance is increased 
as the duration of storage increases after pre- 
paration of the quercetin solution, and becomes 
constant after about 10 days as shown in Fig. 
8. Hence, it is advisable to use the reagent 
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Fig. 8. Effect of duration of storage of 

quercetin solution. 
Boron; 3.0 g., 2.0 7g., 1.0 ~g., and 0.0 mg. 
Quercetin; 0.2% soln., 1.0 ml. (A- and B-lot) 
Oxalic acid; 20% soln., 3.0 ml. 
HCI; 1N soln., 1.0ml. Water; 3.0 ml. 

In the case of quercetin of B-lot 
@-- In the case of quercetin of A-lot 
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Quercetin: 0.2% soln., 1.0 ml. (B-lot) 
Oxalic acid; 20% soln., 3.0 ml. 
HCl; 1N soln., 1.0ml. Water; 3.0 ml. 
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solution after standing for about 10 days. It 
may be used at least 20 days after preparation. 

Effect of Diverse Salts.—The effect of diverse 
ions on the spectrophotometry was examined. 
These salts cause interference seriously as 
shown in Fig. 9. 

Mole Ratio of Boron to Quercetin in Colored 
Compiex.—As shown in Fig. 10, maximum 
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Fig. I. 


Calibration curves. 
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Oxalic acid; 20%. soln., 3.0 ml. 
HCI; 1N soln., 1.0ml. Water; 3.0mI. 
Obtained by standard procedure 
) Obtained in the presence of 20 mg. 
of sodium sulfate 
Se Obtained after separation of boron 
by distillation 
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absorbance of the complex is obtained when 
the mole ratio of boron to quercetin has a 
value of 1 to 1%. 

Calibration Curves..-Measurements of ab- 
sorbance were made with a number of the 
colored solutions containing varying amounts 
of boron. The results show that Beer’s law is 
obeyed over the range 0.00 to 0.50 p. p.m. of 
boron as shown in Fig. 11. The sensitivity of 
this method, mean error and molar extinction 
coefficient were 0.204 ”g., 4.90% and 22100 
Even in the presence of 20mg. 
is also obeyed 
of boron, 


respectively. 
of sodium sulfate, Beer’s law 
over the range 0.00 to 0.50 p. p.m. 
but the sensitivity is decreased to 0.101 vg. in 
this case. After distillation of varying amounts 
of boron and evaporation of the distillate 
containing alkali and water to dryness, absorb- 
ances of the solutions of the dried residues 
were measured. As shown in Fig. 11, Beer’s 
law is obeyed over the range 0.00 to 0.30 
p. p.m. of boron. 

Determination of Boron in Graphite Samples. 

The results obtained by the above-mentioned 
experiments are presented in Table III. 


Taste Hl. ReESULTS OF DETERMINATION OF 
BORON IN GRAPHITE SAMPLES 
Results 
Taken Absorb- Boron Boron’ obtained 
Sample ance found = deter- by 
g. vg mined curcumin 


p.p.m. method 

p.p.m. 

Graphite-A 0.5 0.660 ye 5.6 ae 
Graphite-B 3.0 0.380 i.3 0.43 0.47 
Graphite-C 2.0 0.450 Py, 0.85 0.90 


9) W.C. Vosburgh and G. R. Cooper, J. Am. Chem 
Soc 63, 437 (1941) 
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Discussion 


A sensitive new photometric method for the 
determination of boron by using quercetin as 
color reagent is proposed. The constitution 
of the boron-quercetin colored complex is con- 
sidered to have the mole ratio of 1:1. In this 
procedure, if a different lot of quercetin, even 
though from the same maker, is used for color 
development, the absorbance is also varied, 
hence the determination of boron must be 
made using the calibration curve obtained by 
the same lot of quercetin as is used in the 
working operation. In this procedure, the 
color intensity of the solution is considerably 
affected by diverse salts, but the calibration 
curves are quite linear in the presence of a 
definite amount of salts. For the determination 
of boron in many kinds of practical samples, 
the proper separation of boron is desired. 
From the results of determination of boron in 
graphite samples, it was found that there is 
satisfactory agreement of the results obtained 
by the proposed method with those by the 
curcumin method in the limit of experimental 
error. This method may thus also be utilized 
for the determination of boron in other samples 
after preliminary separation of boron by dis- 
tillation. 


The author is indebted to Dr. Yuroku 
Yamamoto, Kyoto University, for his guidance 
and to Dr. Isao Muraki, Chief of the 5th 
Department of our Institute, for his useful 
suggestion. 
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Normal Vibrations of Dimethyldimethoxysilane 


By Toshio TANAKA 


(Received November 5, 1960) 


The dipole moment of dimethyldimethoxy- 
silane was previously reported to be 1.33D at 
25°C and 1.33 D at 50°C. if Z3i-OC-C in this 
molecule was about 130° and the rotation about 
two Si-O bonds was free, the observed moment 
agreed with that calculated from bond moments. 


1) A. kotera, K. Matsumura, H. Nomura, Y. Nakano 
and U. Maeda, presented at the Symposium on 
Organosilicon Compounds, Osaka, October, 1956, and 


private communication. 


However, the ZSi-O-C assumed there seems 
to be somewhat too large compared with that 
in tetramethoxysilane It was suggested, there- 
fore, that the Si-O bond would perhaps rotate 
under some hindrance”. Thereafter, the Raman 
and the infrared spectra of dimethyldimethoxy- 
silane were measured, and the probable form 
of this molecule was discussed. As the result, 


2 M. Yokoi, This Bulletin, 30, 106 (1957). 
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it was concluded that this molecule would be 
GG form in the solid state* and have no rota- 
tional isomers”. 

This paper reports the calculation of the 
fundamental frequencies of this molecule and 
their normal mode of skeletal vibrations, under 
the assumption that this molecule belongs to 
the point group C.,. In the calculation, a 
methyl group was regarded as a point mass. 
The normal coordinate treatment was carried 
out by the Wilson FG matrix method” with 
a Urey-Bradley potential function. No calcula- 
tion of the normal vibration for Y,M(XZ)> type 
molecules has been reported as far as the author 
knows. 


Normal Coordinate Treatment 


The normal coordinate treatment has been 
carried out for parameters which are shown in 
Fig. 1. The symmetry of the molecule was 
assumed as C.,. The interplanar angle for 
a Si-O-C plane and a C-Si-O plane including 
the same Si O bond were also assumed to have 
an interplanar angle of +60° or —60°. 





Fig. 1. Internal coordinates of the skeletal of 
dimethyldimethoxysilane. 


According to the group theory, this mole- 
cule has fifteen skeletal vibrations, six of a, 
two of a», four of b; and three of b» species. 
Each one of the skeletal vibrations of a» and 
b, species is the torsional oscillation of a 
(Si-)OCH, group*. All vibrations of the aj, 
b; and by species are active both in infrared 
and Raman spectra, and those of the a» species 
are Raman active but infrared inactive. 

From the internal coordinates indicated in 
Fig. 1, the following orthonormal symmetry 
coordinates have been found: 


for the a; vibrations, 
R, = 4(2:+22)/V 2 


In the liquid state, the two Si-O bonds would 
rotate slowly centering in the GG form 
3) M. Hayashi, J. Chem. Soc. Japan, Pure Chem. Se« 
Nippon Kagaku Zasshi), 79, 436 (1958). 
4) E. B. Wilson, Jr.. J. Chem. Phys., 7, 1047 (1939). 
Represents the methoxyl group attached to silicon 
atom 
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R2= 5S (x14+-X2)/V 2 

R3= 4 (yi+y2)/V 2 

R, = 5 (121+ X22) /V 2 

R;= 5 (x1X2—yiye)/V 2 

Re= 5 (2x1x24-2yi y2— X11 — Xi Y2—X2V1 

X2y2)/V 12 

for the a» vibration, 

Rz= 4 (x1 y1—X1y2— X2Vi+X2y2)/2 
for the b; vibrations, 

Ry= 4(2—22)/V 2 

Riy= 4(x1—X2)/V 2 

Ry = 4 (4121 — X2Z2)/V 2 

Ry2= 4 (x1y14- X1y2—X2yi— X2y2)/2 
and for the b» vibrations, 

Ri3= S(yi— 2) /V 2 

Ry = A(X y1— X12 4+ X21 — X2y2) /2 
The numbering of these symmetry coordinates 
corresponds to the numbering of the funda- 
mentals in Table I. 

From the coefficients of the symmetry coor- 
dinates and the potential constants in a Urey- 
Bradley force field, the F matrix elements are 
obtained as follows: 
for the a, vibrations, 

Fi, =K.4+ Sez? Fretter’Fers! 
F 2 SesSsxF c2—tedbioF xs’ 


Fia= (SertezF cz + SestezF22')X 
F Ket+2822°F oc + 2Scy Fry + S22'F cz 
+ 2teg Fey’ +tes*F xa’ 
Fo3=2( S2ySyeP zy —teytyeF cy’) 
Foy = (Seater Fre + SextesF xs! )Z 
Fs = Srrter(Frz+ Fre')x 
Fog= V2/3{ Seater (Frz+ Fezr')x 
> (feylyoF ay + SyxteyF sy’) ¥} 
F33= Ky + 2Syy7F yy + 28yx*F ey + 2tyx?F ry’ 


- Syytyy(Fyy 4 Fyy')y 

V2/3{Syytyy(Fuy + Foy dy 
(Cystasl eg +tagtial ag Xx} 

Fic ce tadeal vc —taiteal ac RZ 


A (98. +e’ Fes — See’ Pex") 
(H, y tyy Fyy Syy Fyy')y’} 2 
3n V8 


F: (Cine + tre’ Fes—tza' Feat" 
(Ayy + tyy?Fyy—Syy’Fyy')¥}/V 6 


5) T. Shimanouchi, J. Chem. Phys., 17, 245, 734, 848 (1949). 








Foo={(Her +tex’F: S22°F ez! 


F Fis= Fig= Fu = Fis= Fi 
for the a» vibration, 

F. (Ary tteytyck ry 
for the b; vibrations, 


Foo= Kz + Sex?Frzt+ter*F es’ 


F a a 2 tret: ~ pry 
Pou = Chietheel ce + Sedcal os! xX 
F | eS as ee er 


Rtew F a trz Pas 
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0 


Si Guat ay Ey 


Ps 


=U Se hel vs + Sicbeclns )Z 
W 2GSestyxl cy + SyateyFey')¥ 
Fyyy1 = (oz + basher F xe — Sx28s2F 22! )XZ 
Fyoia = (ey +e gtgxF cy —S2ySyeF cy' XY 
3x/V 8 
F932 = Fisi2 0 


and for the b» vibrations, 


where the following abbreviations have 


adopted : 


Ser —4x/3qr tre = 
Syy=4y/34yy tyy=1 
Sry =(3x+- y)/3q bey=1 
Syx—(3y+x)/3qzry tyx=1 
Srz-— (x —-ZC0S 0) /qzrz tez=2 
Szx = (Z—x COS 0) /qzrz tes 


and the symbols 


used for the 


been 


68 x/3qrz 
8 y¥/3qyy 
8 y/3qry 
8 x/3qzy 

sin 0/q; 
in Ors 


equilibrium 


values of the interatomic distances and of the 


interbond angles are x--Si 
z=O-—-C, grx=O---O, gqyy=C---( 
O::-C, q Si---C and #@= ZSiOC 


O, y=Si—C, 


Si)---C, @sy 


The G matrix elements are obtained by the 


use of the table of Decius’? 
Crawford?. Using the 
oz for the reciprocals of Si 
bond lengths, and /ts; 


O, Si 


fo.and fte 


and the method of 
notations 9,, 9, and 


C and O—-C 


for the reci- 


procals of the masses of silicon and oxygen 


atoms and methyl group, 


6) J. C. Decius, ibid., 16, 1025 (1948) 
7) B. Crawford, ibid., 21, 1108 (1953). 


respectively, the 


following G matrix elements have been ob- 
tained : 
for the a; vibrations, 

G Ho + fe 


G:2= #0 cos 8 
Gar Prfto sin # 
G; Prfto sin# 
G V 3 Prfto sin 0/VY 2 
G 24si/3+ Lo 
Go: 2¢si/3 
G.; V 8 Prftsi/3 
G V 8 (2+ Py) #si/3 
G» 2(Or— Py) Usi/V 3 
G33=2ftsi/3 + Uc 
Gu=V 8 Prttsi/3 
G3s=V 8 (Or + Oy) Hsi/3 
G35=2(Pxr— Py) #si/V 3 
Gy = 4027 si/34+ 02° Mot (p27? 4+ p2? 
29,02 COS@) fo 
Gi3=407(Or+ Py) Lsi/3+ O2(Or— 920089) Ho 
Gis =V 8 O2r(P2— Py) fsi/V 3 
V 3 Or(Pxr— 02008 A) fto/V 2 
G 4(Or+ Py)? Msi/3 4+ Or? Hot Oy? 
G V 8(p2’?— Py) #si/V 3 
V 3 (02’?Ho— Py*tc)/V 2 
Gis =2(O2— Py)’ sit 3(O2*tot Py*fc) (2 
G:;=0 


for the a» vibration, 
G 3( 0, Lo 


for the b; 


Py Uc) /2 
vibrations, 
Lo 1 ad 
Lo COS @ 
Prfto sin 8 
Prifto sin 8/V 2 
4ttsi/3-+ fo 
V 8 Oclsi 
2(P2+30y) tsi/3 
(2¢si/3 + fo) 


3— 9:0 sin® 


N9AAAAAAAYA 


0 (fo Lc) Pr 


20 r? fo COS 0 


7] 


Gis V207(02 30,) si 3 
O2(Or— 0200S 0) fo/V 2 
G (p2*fto+3py°to)/2+ (92+3py)'tsi/3 


for the bs vibrations, 


G 4s; 3 a7 
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The molecular and potential constants used 
in the calculation are listed in Table I. These 
values are the same as those in the preceding 
paper’ except H,,, F,, and «. The potential 
constants of H(CH; Si-CH;) and F(CH;---CH:;) 
in tetramethylsilane’? have been adopted for 


3) tts 
(3027/0 + Py2ttc)/2 + (Bp 2+ Oy)*tts:/3 


TABLE I. 
STANTS OF DIMETHYLDIMETHOXYSILANI 


MOLECULAR AND POTENTIAL CON- 


Bond distance Potential constant 


and angle 


Type md./A 
x=Si—O K,(Si-—-O) 3.25 
1.64 A K,(Si-—-CH;) 3.03 
y=Si—C K.(O—-CHs) 4.88 
1.888 A» H,x(O--Si—-O) 0.13 
z=O-—C H,,(O--Si--CH, 0.12 
1.42 A: H,,(CH3—-Si—CH3) 0.11 
/ OSiC H,:(Si—O—CHs;) 0.22 
Z_OSiC F,,(O---O) 0.13 
LEC F,.,(O---CHs) 0.08 
109-28 Fy, ,(CHg3---CHs) 0.034 
ZSiOC F,2(Si---CHs) 0.21 

113 Kk 0.185A 

a) Values in Si(OCH;),; M. Yokoi, This 


Bulletin, 30, 106 (1957). 
b) Value in Si(CHs)s; W. F. Sheehan, Jr. 
ind V. Schomaker, J. Am. Chem. Soc., 74, 3956 
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the H,, and F,, in the molecule under con- 
sideration. The « in this molecule has been 
assumed to be the mean between that in tetra- 
methylsilane’ and that in tetramethoxysilane’?. 
The values of F’ have been assumed to be 
equal to — F/10 in the usual way. 


Assignments of the Observed Frequencies 


From the F and G matrix elements given 
above, the fundamental frequencies have been 
calculated by the use of the molecular and the 
potential constants listed in Table I, and the 
results are shown in Table II, together with 
the observed wave numbers” of the Raman 
and the infrared bands in the region of the 
skeletal vibrations. The skeletal vibrations 
have been assigned by the calculation of the 
potential energy distribution in the symmetry 
coordinates. 

In the present calculation, the wave number 
of the Si-O symmetrical stretching vibration(a;) 
is higher than that of the Si-O nonsymmetrical 


stretching vibration(b,). Nevertheless, the 
observed frequencies near 690 and 735cm7™! 
have been assigned as v»(a;) and v;9(b;), re- 


spectively (Table II), considering the inten- 
sities of Raman and infrared bands. 

As is shown in Table il, the calculated values 
of »» and »v;) are considerably higher than the 
observed respectively. In order to get 
a better agreement between the calculated 
wave number and the observed, it is necessary 


ones, 


NUMBERS AND THE ASSIGNMENT 


FOR DIMETHYLDIMETHOXYSILANI 


1952). 
TABLE If. RAMAN AND INFRARED DATA, CALCULATED WAVI 
vy. Obs. 
vy. Calcd. 
Raman* Infrared 
98 (1b) 136 
190 
218 (4) 208 
238 
260 (2) 288 
355 (0) 302 
380 (4bb) 400 
618 (106) 613 (w) 618 
673 (w) 
691 (3) 690 (w) 813 
736 (2) 730 (s) 779 
804 (5) 797 (s) 791 
845 (1) 849 (vs) 
865 (2) 
995 (1) 998 (vw) 
1080 (2) 1073 (vs) 1069 
1088 (sh) 1071 


a) Values in the liquid state 


8 T. Tanaka, This Bulletin, 33, 446 (1960). 


Tr. Shimanouchi, J. Chem, Soc. Japan, Pure Chem. 


Assignment Mode of vibration 


ve (as) Si(CH,)2+SiO, sym. def. 
vio (b;) SiO, rocking 
vz (ae) Si(CHs). twisting 
v, (aj) Si(CH3)2+SiO. nonsym. def. 
v4 (a1) SiOC sym. def. 
vig (b Si(CHs)2 rocking 
v1, (b;) SiOC nonsym. def. 
v3 (as) Si—C sym. str. 
vo (a4) Si—O sym. str. 
vio (bi) Si--O nonsym. str. 
» bs) Si--C nonsym. str. 
Si--)CH, rocking 
L t C- -O nonsym. str. 
y i C—-O sym. str. 
Se Nippon Kagaku Zasshi), 74, 266 (1953). 


10) H. Murata, ibid., 77, 893 (1956). 
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TABLE II]. THe L MATRICES OF 
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SKELETAL NORMAL VIBRATIONS OF 


DIMETHYLDIMETHOXYSILANE 


a, Vibrations 


OQ; 
R, (C—O sym. str.) 0.36 
R, (Si--O sym. str.) 0.10 
R; (Si—C sym. str.) 0.01 
R, (SiOC sym. def.) 0.07 
R; (Si(CH;)2+SiO. nonsym. def.) 0.08 
R,, (Si(CH3)2+SiOz. sym. def.) 0.12 
b; vibrations 
QO, 
R, (C—-O nonsym. str.) 0.35 
R,, (Si-O nonsym. str.) 0.13 
R,, (SiOC nonsym. def.) 0.08 
Ry. (SiOz rocking) 0.10 
b. vibrations 
O13 
R,; (Si--C nonsym. str.) —0.33 
Ri, (Si(CHs)»2 rocking) 0.18 


TABLE IV. 


POTENTIAL ENERGY DISTRIBUTION Fj; Liq" 


QO: Q QO. Q Q. 
0.03 0.02 0.02 0.00 0.01 
0.23 0.14 0.04 0.00 0.00 
0.22 0.20 0.01 0.01 0.00 
0.23 0.15 0.18 0.10 0.06 
0.21 0.02 0.16 0.16 0.04 
0.05 0.04 0.06 0.15 0.14 
OQ: on 01: 

0.07 0.01 0.00 

0.30 0.01 0.01 

0.09 0.30 0.10 

0.14 0.21 0.14 

O14 

0.03 

0.28 


Aq FOR THE NORMAL VIBRATION OF 


SKELETAL IN DIMETHYLDIMETHOXYSILANE 


a, Vibrations 


M1 
R, (C—O sym. str.) 0.94 
R, (Si--O sym. str.) 0.05 
R;, (Si—C sym. str.) 0.00 
R, (SiOC sym. def.) 0.01 
R; (Si(CH3).+SiO, nonsym. def.) 0.01 
R, (Si(CHs)2+SiOs sym. def.) 0.01 
b, vibrations 
R, (C-—-O nonsym. str.) 0.91 
R,, (Si—O nonsym. str.) 0.09 
R;,; (SiOC nonsym. def.) 0.00 
R,. (SiO. rocking) 0.01 
b. vibrations 
vis 
R,, (Si-—C nonsym. str.) 0.96 
Ri, (Si(CH;)2 rocking) 0.06 
to adopt a lower value of K,(Si—O), than 


the 3.25md./A_ of methyltrimethoxysilane”. 
Accordingly, it seems that the value of 
K,(Si- O) in dimethyldimethoxysilane is rather 
lower than that in methyltrimethoxysilane. 
This may correspond to the tendency for the 
bond energy of Si-O bond which decreases as 
the number of oxygen atoms attached to silicon 
decreases; —Esi-o in SiO, unit > — Esi-o in 
CSiO; unit > — Esi-o in C.SiO>» unit, as reported 
by the present author'”. 

The L matrices and the distribution of 
potential energy in symmetry coordinates have 
been calculated for the skeletal normal modes ; 
the results are shown in Tables III and IV, 


11) T. Tanaka, J. Inorg. Nucl. Chem., 13, 225 (1961). 


y v3 M4 v5 v6 


0.01 0.01 0.05 0.00 


0.0F 
0.50 0.33 0.11 0.00 0.00 
0.39 0.59 0.01 0.01 0.00 
0.09 0.07 0.42 0.20 0.22 
0.07 0.00 0.32 0.53 0.08 
0.00 0.00 0.03 0.26 0.69 
Yio vil viz 
0.08 0.01 0.00 
0.89 0.01 0.02 
0.01 0.66 0.33 
0.03 0.32 0.64 
vis 
0.04 
0.95 


respectively. As shown in Table IV, some of 
the symmetry coordinates of totally symmetric 
species are related to several normal modes to 
a considerable extent; the R» and R,; coordi- 
nates to both modes of » and vs, and the R 
and R; coordinates to a mode of 1. 


The author wishes to express his sincere 
thanks to Professor Takeo Watase of this 
University, Professor Hiroshi Azumi of Tohoku 
University and Dr. Hiroshi Murata of Hiroshima 
University for much valuable discussion. 


Department of Applied Chemistr. 
Faculty of Engineering 
Osaka University 
Mivakojima-ku, Osaka 








December, 1961 | 


Thermodynamic Studies on Cobalt Complexes. VIII 1757 


Thermodynamic Studies on Cobalt Complexes. VIII. Some Information 
about Diaquotetramminecobalt(III) Complexes and Thermal Disso- 
ciation of the Corresponding Chloride* 


By Motoshichi Mor], 


and Eisei 


Ryokichi TsucHiyA, Shuji TAKEMURA 


MATSUDA 


(Received December 19, 1960) 


) 


Although there have been a few reports' 
on the visible and ultraviolet absorption spectra 
of diaquotetramminecobalt(III]) | complexes, 
none can be found on the infrared absorption 
spectra of cobalt(III) diaquo-complexes except 
in the cases of [Co(NH;).(OH,)-Cl.|Cl and 
{Co en(OH.,)-Cl.| Cl? containing chloride ions 
as the ligand. The investigation of diaquo- 
tetramminecobalt(III) complexes by X-ray 
diffraction method has never been reported. In 
the present study the infrared absorption and 
the X-ray diffraction of diaquotetrammineco- 
balt(II]) and aquopentamminecobalt (III) com- 
plexes were measured. From these some infor- 
mation about their crystal structures was 
brought out. Since little has been reported con- 
cerning the thermochemical properties of 
cobalt(III) diaquo-complexes, some of them will 
be described, with special reference to the 
thermal dissociation of the diaquotetrammine- 
cobalt(III) chloride. 


Experimental 


Diaquotetramminecobalt (II1) chloride, sulfate 
and perchlorate were prepared* by the aquation 
of carbonatotetramminecobalt(II]) nitrate with 
hydrochloric, sulfuric and perchloric acids respec- 
tively. Their visible and ultraviolet absorption 
spectra were measured with a Hitachi EPU-2 type 
spectrophotometer. The infrared absorption of 
diaquotetramminecobalt(III) and aquopentammine- 
cobalt(III) perchlorates were measured by _ the 
Nujol mull method with an Oy6 Kogaku Kenkyasho 
DS-201 infrared spectrophotometer, and the X-ray 
diffraction, with a Rigaku Denki X-ray diffracto- 
meter. The results obtained were compared with 
those of hexamminecobalt(III) perchlorate. 

The thermal analysis was carried out for diaquo- 


tetramminecobalt(III) chloride, sulfate and _per- 


Read at the Symposium on Coordination Com- 
pounds of the Chemical Society of Sendai, 
September, 1960. 

1) Y. Shimura and R 
1956) 

2) A. Kiss and D. 
Chem., 235, 407 (1938). 

3) E. Kyuno, J. Chem. Soc. Japan, Pure 
Nippon Kagaku Zasshi), 80, 724 (1959) 

4) S. M. Jorgensen, Z. anorg. Chem., 2, 296 (1892). 


Japan, 
Tsuchida, This Bulletin, 29, 312 
allgem 


Czegledy, Z. anorg. u 


Chem Sec 


chlorate with a Shimadzu thermobalance. The 
thermal dissociation pressure of diaquotetrammine- 
cobalt(II]) chloride was measured in vacuo with a 
mercury manometer. 


Results and Discussion 


Thermal Analyses of Diaquotetramminecobalt- 
(III) Chloride, Sulfate and Perchlorate. 
In order to verify the fact that the complexes 
obtained were actually the desired ones, 
chemical analyses, determinations of coagulation 
values and thermal analyses were made with 
them. The weight losses of the complexes 
upon heating are plotted against the tempera- 
ture in Fig. 1. It is presumed that the chlo- 


ob / 
e | r 
a 4 f 
. 4HA 
= i ime JExp 
= is 
H I 
— x 4 = — — 
1 1K 200 i 
Cc 
Fig. 1. The relationships between the weight 


loss and the temperature upon heating 
diaquotetramminecobalt(II]) chloride (1), 
hydrate (2) and perchlorate (3). 


weights of the chloride and of 


sulfate 
Both the 
the perchlorate used are 0.2 g. respectively 
and that of the sulfate hydrate is 0.1 g. 
The expressions of -nH,O show the steps 
of dehydration of ng water 
from oneg ram molecule of those complexes. 


molecule of 


ride and sulfate decompose according to the 


following schemes: 


H.O 
(Co(NH;),(OH2) ICI .[Co(NH,)«- 
70 ~90°C 
(OH.)CICI HO _. -is-[(Co(NH;).Clz]Cl 


150~ 170°C 


» CoC, 


200 ~ 234°C 
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: . 3H,.O 
[Co(NH;)4(OH2)2]2(SO4)3-3H2O —* 

‘O(N : .¢ 4H.O [Co- 
[Co(NHs,)4(OH:2).]2(SO,4) ~~19°C c 
(NH, )4SO,4].SO; » 2CoSO, 


240 ~ 260°C 
(NH,4)2SO, 


The perchlorate begins to decompose gently 
at about 190°C and’explodes at 243°C. The 
decomposition of the perchlorate does not take 
place in a stepwise manner as does the chloride 
and sulfate. 

trans-Aquodichlorotriamminecobalt (III) chlo- 
ride, (Co(NH;);(OH,)CL‘i}] Cl, does not decom- 
pose at 100°C, whereas even at this tempera- 
ture the corresponding cis-chloride changes to 
trichlorotriamminecobalt (III) complex releasing 
water as shown below: 


( ( 


f 
| 
1} ——=y 
may. | F * 

| NHS 

| 

L 


NH 


There has been a report”? that this pheno- 
menon might be explained by the so-called 
trans-effect’?. If the trans-effect is to be 
applied to the decomposition of aquochloro- 
tetramminecobalt(III]) chloride, the product 
must be rrans-aquodichlorotriamminecobalt (III) 
chloride, [Co(NH;);(OH,)CIL;3|Cl. But the 
product actually obtained in our experiment 
is cis-dichlorotetramminecobalt(III) chloride, 
|Co(NH;),Cbki);|}Cl; i. e. process 1 did not 


occur, but process 2 did take place: 


This shows that the trans-effect can not be 
applied to this process. A better explanation 
may be that cis-dichlorotetramminecobalt (III) 
chloride is more stable than the corresponding 
trans-chloride in the same way as that cis- 
dinitrotetramminecobalt(III]) chloride is ther- 
modynamically more stable than the corre- 
sponding trans-chloride”?. 

Visible and Ultraviolet Absorption Spectra of 
Diaquotetramminecobalt(II1) Complexes.— The 
visible and ultraviolet absorption spectra of 
diaquotetramminecobalt(III) complex which 
have already been reported by Tsuchida and 
his co-worker’ and Kiss and his co-worker 


5) M. Mori, M. Shibata, K. Hirota, K. Masuno and 
Y. Suzuki, J. Chem. Soc. Japan, Pure Chem. Sec., 
Kagaku Zasshi), 79, 1251 (1958) 

6) J. V. Quagliano and I 
201 (1952) 

7) M. Mori, R. Tsuchiya and H. Fukuda, This Bulletin, 
33, 1503 (1960) 


(Nippon 


Schubert, Chem. Revs., 50 


[Vol. 34, No. 12 


are not in agreement with each other. That 
is, the maxima of both the first and second 
absorption bands of the complex reported by 
the former workers* are remarkably lower than 
those by the latter. The absorption of the 
complex measured by us are given in Fig. 2. 
The maxima of the first and second absorption 


bands of the complex are found at », —59.0x 
10'° sec (log ¢;~-1.73) and ».—84.5x10-}- 
sec~' (log ¢, 1.66) respectively, where »v is 


the frequency and ¢ is the molar extinction 
coefficient. 


ye 


lo 


| 


/\ 








rol . 
' 6 8 100 120 
y(10'3 sec!) 
Fig. 2. The absorption spectrum of diaquo- 


tetramminecobalt(III) perchlorate. 


Dissociation Pressure of Diaquotetrammine- 
cobalt(III) Chloride.—It was found above 
that diaquotetramminecobalt(III) chloride 
decomposed at 70~90-C as follows: 


[Co(NH;),(OH:,).J Cls(s) — [Co(NHs);- 
(OH; )CI|Cl.(s) + H-O(g) 


The vapor pressure or dissociation pressure 
of diaquotetramminecobalt(III) chloride was 
measured at 7~36.5°C with the apparatus 
already described». The results are listed in 
Table I. 

The logarithm of the dissociation pressure, 
Pmm, iS plotted against the reciprocal of the 
absolute temperature in Fig. 3. A. straight 


TABLE I. DISSOCIATION PRESSURE OF DIAQUO- 


rETRAMMINECOBALT(IIL) CHLORID: 


Temp. 1/T< 10 Dissociation pressure 


C P: log Pmt 
7 3.599 4.15 0.6181 
19 3.425 5.40 0.7324 
21 3.401 5.89 0.7701 
31 3.290 6.99 0.8445 
36.5 3.231 7.98 0.9020 


By private communication received from R. Tsuchida 

in Oct., 1959, » 59.2 (log € 1.72) and » 84.6~84.7 (log € 
1.64). 

8) M. Mori and R. Tsuchiya, This Bulletin, 32, 467 
(1959). 
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Fig. 3. The relationship between the disso- 
ciation pressure of diaquotetrammine- 


cobalt(III) chloride and the temperature. 


line is obtained. The equation of the straight 
line is calculated by the method of least squ- 
ares as, 


log Pmm — 3.669 - 856.1/T 


The free energy change for the dissociation is 
obtained as, 


4IG~ = 3916 —3.604 T, JIG2,3;=2842 cal. (1) 


From the free energy change for the dissocia- 
tion of hexamminecobalt(III)*? and aquopen- 
tamminecobalz(III) chlorides”, the free energy 
change for the reaction in which one gram 
equivalent of NH; is replaced by one gram 
equivalent of H.O in the coordination sphere 
is calculated as below: 


[Co(NHs3)¢] Cls(s) + HxO(g) = [Co(NHs);- 
OH:,] Cl3(s) + NH3(g) 
4G 296 + 8.32 T (2) 


The entropy change is JS 8.32 e.u. If it 
is assumed that the entropy change of the 
reaction, 


[Co(NH;);OH.] Cl;(s) + H-O(g) 
(Co(NH3)«(OH:).] Cls(s) + NHs(g) (3) 


in which one gram equivalent of NH; in the 
reactant is replaced by one gram equivalent of 
H.O, is equal to the entropy change of the 
reaction 2, i.e. $.32 e. u., then the free 
energy change for reaction 3 is obtained by 
using the value of the above entropy change 
and the heats of formation of the sub- 
stances concerning the reaction as: 

9) M. Mori, R. 


Tsuchiya and Y. Okano, ibid., 32, 


1029 (1959 
10) K. B. Yatsimirskii and L. L. Pankowa, Zhur 
Obshchei Khim., 19, 617 (1949); K. B. Yatsimirskii, 


“Thermochemie von Komplexverbindungen”, Akademie- 
Verlag, Berlin (1956), p. 178. 

il) F. D. Rossini et al., “Selected Values of Chemical 
Thermodynamic Properties’, United States Government 


Printing Office, Washington (1952), p.9. 
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IG 1140+ 8.32 T (4) 


Since the free energies of formation of aquo- 
pentamminecobalt(III) chloride, water vapor 
and ammonia are known, from these values 
and Eq. 4 the free energy of formation of 
diaquotetramminecobalt(III) chloride in the 
solid state is calculated as, 


IG; 360600 363.2 T 
AG F295 252300 cal. (5) 


The free energy of formation of aquochloro- 
tetramminecobalt(III) chloride, which is the 
decomposition product of diaquotetrammine- 
cobalt(III) chloride, is obtained from Egs. 1 
and 5 as follows: 


AG; 298900 + 349.0 T 
AG F205 194900 cal. 


From the above results the free energies of 
the reaction in which an ammonia molecule 
is successively replaced by a water molecule in 
the coordination sphere of hexamminecobalt- 
(III) chloride are calculated and from these 
relationships it is concluded that the thermo- 
dynamic stabilities of these complexes are in 
the order: 


[(Co(NHs)¢] Cl;> [Co(NH;)sOH2] Cls> 
|[Co(NH3)4(OH2)2] Cls> [Co(NH3),(OH»)- 
Cl] Cle> [Co(NHs3);Cl] Clo 


Infrared Absorption Spectra of Cobalt(III) 
Aquoammine-complexes... The infrared absorp- 
tion spectra for diaquotetramminecobalt(III) 
and aquopentamminecobalt(III) perchlorates 
are listed in Table II together with those for 
hexamminecobalt(III) perchlorate already re- 
ported”. 

From the table it is seen that the wave 
numbers of the stretching vibration of N-H, 
vx-n for aquo-complexes are lower than those 
for hexammine-complex, whereas the wave 
numbers of the degenerate bending vibration, 
deg. dxu,, and the symmetric bending vibration, 
sym. 6xu,, Of NH; for the former are higher 
than those for the latter. The wave numbers 
of the rocking vibration of NH:;, xu, are 
remarkably higher for the former. This means 
that the coordinate bond character of CoN 
in the coordination sphere of cobalt(III) 
ammine-complexes increases when one or two 
water moleclues coordinate in place of ammo- 
nia molecules. 

X-Ray Diffraction Data for Cobalt(III) 
Aquoammine-complexes.—Some reports have 
been published on the X-ray diffraction for 


12) J. Fujita, K. Nakamoto and M. Kobayashi, J. Am. 
Chem. Soc., 79, 3295 (1956). 
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TABLE II. WAVE NUMBER OF VIBRATION FOR O-H AND N-H BONDS IN THE INFRARED 
ABSORPTION SPECTRA OF HEXAMMINECOBALT(IIT), AQUOPENTAMMINECOBALT(IIE) 
AND DIAQUOTETRAMMINECOBALT(II]) PERCHLORATES 


YN-H 


Complex YO-H bi le 3 deg. Onn sym. Onn ONH 
[Co(NH,)¢6](ClO,), 3320 3240 1630 1352 803 
[Co(NH,;);-OH:2](C1O,); 3400 3257 3205 1634 1355 826 
| Co(NH3)4(OH2)2] (C1O,4) 3390 3246 3195 1637 1346 839 


TABLE III. X-RAY DIFFRACTION DATA FOR AQUOPENTAMMINECOBALT(IIL) AND 
DIAQUOTETRAMMINECOBALT(III]) PERCHLORATES 


[Co(NH;);OH:,](CIO,4), {Co(NHs3)4(OH2)2)(C1O4) 5 

d( A) I/1y hkl a(A) d(A) I/I Akl a( A) 

4.019 100 220 11.37 4.001 100 220 11.32 

3.276 5 zie 11.35 

2.842 18 400 P.37 2.829 20 400 11.32 

2.319 4.3 422 11.36 2.307 5. 422 11.30 

2.184 13 333 11.35 2.174 1] 333 11.30 

2.009 5 440 11.36 2.000 3.3 440 11.31 

1.796 6.5 620 11.36 1.789 7 620 11.31 

1.518 6 642 11.36 1.511 3.3 642 11.32 

1.340 3 822 11.37 

Q@mean=11.36A ees | ee 
D= 2.087 B= 2.119 

hexamminecobalt(III) chloride’? and perchlo- rate. Such a tendency can be seen also in the 
rate', but none for cobalt(III) aquoammine- cases of [Co(NH;)<] [TICI:] (a 11.42A)' and 
complexes except [Co(NH:;);(OH,)]I,'° and (Co(NH;);(OH:,)»| [TIC] (a 11.30A )". It 
|Co(NH;),;(OH2).| [TIC]. The results of | makes us suppose that the change of the bond 
the X-ray diffraction measurement for aquopen- distance of Co-N is closely related to the 
tamminecobalt(II]) and diaquotetrammineco- increase of the coordination bond character 
balt(III) perchlorates are shown in Table III. which can be detected from the infrared 


In this table d is interplanar spacing, //J,, absorption spectra. 
relative intensity, and Aki, indices of lattice 
planes. Summary 
The crystals of these complexes belong to 
the cubic system like (NH,),[|FeF,|'? and the 
number of chemical units in a unit cell is 
Z 4. By comparing the length of the edge of 
a unit cell, a, and the density, D, for the above 
two cobalt(II1) aquoammine perchlorates with 
those for hexamminecobalt(III) perchlorate, 
a 11.41A and D~ 2.048'», as already reported, 
it is found that the dimension of the unit cell 
becomes smaller when one gram equivalent of 
NH, is replaced by one gram equivalent of H»O 
in the coordination sphere of hexamminecobalt- 
(Ill) or aquopentamminecobalt(III) perchlo- 


The visible and ultraviolet absorption spectra 
of diaquotetramminecobalt(III]) perchlorate 
were measured and its decomposition process 
was discussed on the basis of the thermal 
analytical data. 

The decomposition pressure of diaquotetram- 
minecobalt(III) chloride was measured and 
the free energy of formation of aquochloro- 
tetramminecobalt(III) chloride which was the 
product of the decomposition was calculated. 

The infrared absorption and X-ray diffraction 
were measured for diaquotetramminecobalt (III) 
and aquopentamminecobalt(III) perchlorates 

and the relationships between the dimension 
a gg gg at oe of the unit cell and the coordinate bond 


McCatcheon, J. Am. Chem. Soc., 13, 389 (1927). strength, Co-N, were discussed. 

15) G. Natta, Gazz. chim. ital., 58, 624 (1928) 

16) M. Linhard, W. Manthey and K. Plieth, 2. Elektro- 

chem., 57, 862 (1953) Department of Chemistrs 
acia and G. Giacomello, Naturwissenschaften, Faculty of Dele 

18) T. Watanabe, M. Atoji and C. Okazaki, Acta Cryst., 
3, 405 (1950). Kanazawa 


Kanazawa University 
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Thermodynamic Studies on Cobalt Complexes. IX. Chemical Equilibrium 
between Diaquotetramminecobalt( III) Complex and Oxalate Ion* 


By Motoshichi Mori, Ryokichi TSUCHIYA and Eisei MATSUDA 


(Received December 19, 


The method of Schramm” has been well 
known for a long time as a general method 
of preparing oxalatotetramminecobalt(III) com- 
plexes. It depends on the reaction of oxalic 
acid upon diaquotetramminecobalt(III), hydrox- 
oaquotetramminecobalt(II1), chloroaquotetram- 
minecobalt(III) or carbonatotetramminecobalt- 
(111) complexes. However, the thermodynamic 
properties of the oxalatotetramminecobalt(III) 
complex thus formed have never been reported. 
In order to get information about these prop- 
erties the chemical equilibrium between di- 
aquotetramminecobalt(II]) ion and oxalate ion 
was studied spectrophotometrically. 


Experimental 


Diaquotetramminecobalt(III) complex was pre- 
pared as the perchlorate by the reaction of carbo- 
natotetramminecobalt(II]) nitrate with perchloric 
acid. The identity of the sample was confirmed by 
chemical and thermal analyses, the measurements 
of the coagulation values and those of absorption 
spectra*’. Oxalic acid and potassium and ammonium 
oxalates were purified by recrystallization. 

At first oxalic acid was added to a solution of 
diaquotetramminecobalt(III) perchlorate as_ the 
source of oxalate ion. But the reaction hardly 
proceeded at all even when the solution was heated. 
On the other hand, when potassium oxalate was 
used, the diaquo-complex was decomposed owing 
to the strong alkalinity of the solution. When am- 
monium oxalate was used in place of oxalic acid 
Or potassium oxalate, the reaction with diaquo- 
tetramminecobalt(IIl) perchlorate did occur. But, in 
this case, oxalatotetramminecobalt(III]) complex was 
not produced but cobalt(II]) oxalatoammine com- 
plex which contained the oxalate ion as an uni- 
dentate ligand was obtained. This fact will be 
described later in detail. 

At last, the mixed solution, or the buffer solution, 
of oxalic acid and potassium oxalate was_ used. 
Although the reaction between the buffer solution 
ind diaquotetramminecobalt(IIl) perchlorate did 
not proceed at room temperature, it did when 
heated to 65 C, producing oxalatotetramminecobalt- 
Ill) ion. 

From. the experiments the 


above preliminary 


Read at the Symposium on Coordination Compounds 

of the Chemical Society of Japan, Sencai. September, 1960. 

1) W. Schramm, Z. anorg. u. allgem. Chem., 180, 167, 177 
1929). 

2) M. Mori, R. Tsuchiya, S 

This Bulletin, 34, 1757 (1961). 


Takemura and E. Matsuda, 


1961) 


the determination of the 
chemical equilibrium between the diaquo-complex 
and oxalate ion was selected. The mixture of 
50 ml. of a solution of diaquotetramminecobalt (IIL) 
perchlorate and 50ml. of a buffer solution con- 
sisting of oxalic acid and potassium oxalate was 
kept in the flask at 65 C for ten minutes and then 
it was immersed in the thermostat at 25 C. When 
the equilibrium was attained after about six hours, 
the absorbancy of the solution was measured with 
a Hitachi EPU-2 type spectrophotometer. The 
maximum of the first absorption band of diaquo- 
tetramminecobalt(II]) ion is at »=59.0« 10! sec”! 
(log ¢ — 1.73)” and that of oxalatotetramminecobalt- 
(III) ion, at v=58.7x10'"sec™' (loge—1.91)*, 
where » is the frequency and «, the molar extinction 
coefficient. The measurement of absorbancy of the 
solution at equilibrium was made at 510 my. 

Since cobalt(II]) oxalato-complexes are readily 
decomposed by sunlight, a brown flask was employed 
in order to protect the solution from the photode- 
composition. The range of the initial concentration 
of the diaquotetramminecobalt(II]) complex was 
1/500~1/800F and that of the oxalate ion was 
1/80~1/5000 F. In order to diminish the ionic 
strength, the concentration of the diaquo complex 
must be lowered. But if it is lowered below 1/800 
F the error of measurement of the absorbancy 
will grow larger. Therefore the concentration of the 
diaquo-complex could not be lowered below 1/800 


following method of 


F. The measurement of pH of the solution was 
made with a Horiba HRL Model M pH meter. 
Theoretical 
The reaction between diaquotetrammine- 


cobalt(III) and oxalate ions is expressed by: 
|\Co(NH;);(OH:)»]°* (ag.) + CO 
|Co(NH;);:C.0,| 2H-O(1) (1) 


If the initial concentration of the 
° ° . , 

complex ion is expressed by C, its concentra- 

tion at equilibrium, by C,; and the concentra- 


(aq.) 


(aq.) 


diaquo- 


tion of oxalatotetramminecobalt(IIf) ion: at 
equilibrium, by C., then 

C=C,4+C (2) 
If the molar extinction coefficients of the 
diaquo-complex and oxalate ions at 510 my 
are expressed by ¢,” and ¢ respectively, and 


the value corresponding to the molar extinction 
coefficient calculated from the absorbancy 


3) Y. Shimura and R. Tsuchida, ibid., 29, 312 (1956) 
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measured at the chemical equilibrium of reac- 
tion | is expressed by ¢, there exists the 
relationship : 


Ce=Cie1 + Cre (3) 


From Eqs. 2 and 3, the concentration of each 
complex ion is obtained by 


..=¢——- _1 ft <¢-c—— (4) 


e ec e ey 
SS 5 | — S 


In the mixed solution of the diaquo-complex 
with oxalic acid and potassium oxalate, it is 
considered that the following three equilibria 
exist together with the equibrium 1; 


H.C,0, < H* + HCO, (5) 
HC.0,- < H?* C.0,?- (6) 
K2C,0O, <2 2K* + C,0,? (7) 


The first and second dissociation constants of 
oxalic acid, K,; and kK», are given as follows 
respectively”: 


, € 75 - Cur Oe 
K a a 5.9 x 10 and 
Cu Oy 
Cu 7 C On 
K . 6.4 x 10 
Cuc.o 
where Ci.c,0,4, Cuco.- , Cc.o.2- and Cy are 


the concentrations of oxalic acid, hydrogen- 
oxalate ion, oxalate ion and hydrogen ion at 
equilibrium respectively. 

The concentrations of the species in the 
aqueous solution at equilibrium were calcula- 
ted in the following two cases separately. The 
first is the case when the concentration of 
potassium oxalate is relatively small and the 
oxalate ion in the solution at equilibrium 
consists of those formed from _ potassium 
oxalate by the ionization process 7 and from 
oxalic acid by=process 6. The second is the 
case when the concentration of potassium 
Oxalate is relatively large and not only the 
oxalate ion at equilibrium is all formed from 
potassium oxalate”alone but also a part of the 
hydrogenoxalatefion in process 5 is given by 
potassium oxalate. 

The calculation in the first case is carried 
out in the following way. The oxalate ion is 
assumed to consist of those formed by the 
ionization of potassium oxalate 7 and the 
second ionization process of oxalic acid 6. So, 
if the initial concentration of potassium oxalate 
and the concentration of oxalate ion formed 
by process 6 are expressed by C’x.c.o, and 
Cx respectively, the concentration of the oxalate 
ion at equilibrium is obtained by C°x,c,0, 
Cx -C., since the concentration of the oxalate 
ion consumed by the reaction with diaquo- 


4) R. Gane and Ch."K. Ingold, J. Chem. Soc., 1931, 2153. 
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complex is C.. When the initial concentration 
of oxalic acid and the concentration of hydro- 
genoxalate ion are expressed by Cvy,.c,0, and 
Cy respectively, the concentration of the oxalic 
acid remaining unionized at equilibrium is 
obtained by C’y,.c,0,— (Cy +Cx) and therefore 
the first and second dissociation constants of 
oxalic acid are given by the following equa- 
tions respectively. 


K Cu: % Cy 
; =." C04 iC. c. 
. oC “a A ” 
™ Cu K.C204 x > 
K C, 


In these equations, C’y,c,0, and C’x,c.0, are 
known and C, is calculated by Eq. 4. The 
two variables, C, and Cy, can be obtained by 
solving the above Eq. 8 with respect to Cx 
and Cy as follows: 


(K, KC’ C2047 (C.—C KC oO” 


C K (C*n _KiCu-) 
: C*u-+ KiCu: + Ki Kz (9) 
C K,Cu-(C° u,.c,0 C° xc O; c,) 


c il K, Cy: K\K 
The method of determining Cy- will be de- 
scribed later. 

The apparent equilibrium constant, Ke, for 
reaction | is given as below, 


2 C - C’H,0 C * C’HW0 
oi eo Os Ci(C°x.c,0, + Cx — C2) 
(10) 
where Cy.0~— 1000/18=-55.5. This constant 


varies with the ionic strength of the solution. 
The ionic strength must be known to find the 
thermodynamic equilibrium constant. The 
concentrations and the ionic strengths of each 
ion at equilibrium are given as follows: 


Concentration Ionic strength 


[Co(NH3)4(OH2)2]3* C, (9/2)C, 
[Co(NH3)«C20,] * C2 (1/2)C2 
3C10, 3(C,4+- C2) = (3/2) (C1 + C2) 
_* Cu (1 2)Cu 
K 2C° 26205 C°K20204 

, . . 
C0; & Re oe wre Mae 
HC.O, ra (1/2)C; 


The total ionic strength, #, in the solution is 
calculated by 


ft 6C 3C K.C.O ] 2Cu 


2Cx +1/2C;y (11) 


The calculation in the second case is per- 
formed in the following manner. In this case 
the concentration of the oxalate ion ionized 
by reaction 7 is high enough to combine with 
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diaquo-complex to form oxalatoammine-com- 
plex and to compose a part of hydrogenoxalate 
ion. When the concentrations of hydrogen- 
oxalate ion produced from potassium oxalate 
and oxalic acid are expressed by Cy and C, 
respectively, the concentrations of hydrogen- 
oxalate ion, unionized oxalic acid and oxalate 
ion at equilibrium are obtained as Cy+C,, 
C~1.c.0,—Cz and C°x,c,0,—C2—Cy respectively 
and therefore the first and second dissociation 
constants are given as follows: 


K. Cu-(Cs + C,;) 
: ay HeCoO, . 
K> Cu-(C KeCoO,4 Cc Cy) (12) 
C; al 


The two variables, Cy and C,, can be obtained 
by solving the above two Eq. 12 as below: 


((C*n: K,Cu-)(C K2C20, €2))) 
: K\K c HeCo.4 


sid C KiCu-+ KiK 
oe eee ee (13) 
C7u+(C°xK.c20, C:) KiCy ° 
C = * HeCo04 7 K, KC Ho€oO, ) 


C*n- + KiCy-+ KK 


Therefore the concentration of hydrogenoxa- 
late ion at equilibrium, Cyc,0,-, is given by 
(KiCy-(C HeC.O c K o¢ eh 
\ Cc 
Cuc.0.-=Cy + C, = = aa 
C’n- + KiCu++ KiK 


(14) 
The apparent equilibrium constant, Kr, is 
given as below: 
Wy ” & HO 
Ci . OF, oO; 
C 6 & 120 
Ci(C*x.c,0,—C2 Cy) 
The total concentrations and the ionic strengths 
of each ion in this aqueous solution at equilib- 
rium are given as follows: 


Ky 


(15) 


Concentration lonic strength 


[Co(NHs)s- 

(OHs:)>.] c. (9/2)C 
[Co(NHs;).¢- 

C:0,) Cc (1/2)C 
3 ClO, 3(C,+C2) (3/2)(Ci+C, 
H Cr (1 2)Cy 
K 2C -k.c,0 C’K.€.0, 
C.0, Cou ~t.—Cy MO ten —ta-C,) 
HC.O, e+e (1/2)(Cy+Cz) 


The total ionic strength, /, in the solution is 
calculated by 


ft 6C, 3C K»C.O | 2 Cu: 2C; 
1/2(C, + Cz) (16) 
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Results and Discussion 


At first by measuring the absorbancy of the 
solution at equilibrium, the concentrations of 
diaquoammine complex and oxalatoammine- 
complex, C; and C., were calculated by Eq. 4. 
By using these values, the initial concentrations 
of oxalic acid and potassium oxalate, C° 1.0.0, 
and C°x.c.o,, the values of the first and second 
dissociation constants of oxalic acid, K; and 
K., and, by using the activity of hydrogen ion, 
ay, in place of the concentration, Cy-, the 
approximate concentrations of oxalic acid and 
hydrogenoxalate ion, Cx or Cy, were estimated 
by Eq. 9 or 13. The approximate ionic 
strengths of the solution at equilibrium were 
also calculated by Eq. 11 or 16. 

In order to know the true concentrations of 
oxalate and hydrogenoxalate ions, the above 
calculation must be carried out by using the 
concentration of hydrogen ion. In spite of it 
the value obtained by pH measurement is not 
the concentration of hydrogen ion but the 
activity. Therefore by finding the activity 
coefficient of hydrogen ion in each solution 
having the above approximate ionic strengths 
from Kielland’s table», the concentration of 
hydrogen ion was obtained and the concen- 
trations of oxalate ion and hydrogenoxalate 
ion and the ionic strengths were again calculated 
by Eqs. 9 and 11 or 13, 14 and 16 respectively. 

Then the apparent equilibrium constant, Ke, 
was calculated by Eq. 10 or 15. These values 
calculated are all summarized in Table I. 

The logarithm of the apparent equilibrium 
constant, Kr, is plotted against the square root 
of the ionic strength, #, in Fig. 1. If it is 


xe fe 
2 “OS 
a a? time 
L n pai ‘cee 
Vue 
Fig. 1. The relationship between the apparent 
equilibrium constant of the reaction, [Co- 
(NH3)4(OH2) 2 C.0¢ [Co(NHs) «C20, 
2H:O, and the ionic strength in the 


solution. 
assumed that this plotting gives a quadratic 
curve, the equation of the curve is calculated 


by the method of least squares as, 


5) J. Kielland, J. Am. Chem. Soc., 59, 1675 (1937) 
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TABLE I. EQUILIBRIUM OF 


Initial concn. 


; : Initial concn. 
of [Co(NH,);: ry 


[Co(NH:;)4(OH2)>» 


Measurement of extinction coefficient was made at 2 
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Initial concn. 


(OH.)»| (C104) of H.C.O, of K.C.O, 
Cx10° C u.c,0 10° § C x.c.0,% 108 
1.250 . 250 1.250 
1.250 0.500 0.500 

2.00 2.00 2.00 
1.250 2.50 2. 
2.00 1.00 1.00 
2.00 0.667 0.667 
2.00 0.500 0.500 
2.00 3.125 3.020 
2.00 6.250 6.250 
2.00 12.50 12.50 
10.00 10.00 10.00 
10.00 10.00 10.00 
2.00 25.00 25.00 
10.00 20.00 20.00 
pH Cu 10 Cc.0, 10¢ Kc «10 
3.00 1.076 0.814 17.24 
3.42 0.412 0.511 5.608 
3.00 1.089 0.131 9.614 
2.91 1.33 0.174 17.99 
3.12 0 829 0.627 5.785 
3.24 0.629 0.557 3.144 
3.36 0.478 0.463 2.885 
2.80 1.75 1.642 4.945 
2.70 2.23 2.95 3.904 
2.65 2.62 5.45 1.109 
2.67 2.50 3.20 2.074 
2.67 2.30 3.30 1.562 
2.63 2.74 10.55 1.357 
2.60 2.97 6.50 1.804 
log Ke 65.24 #e — 25.98 V/ » + 9.687 


The value of log Ke at Vy 0 is obtained by 
the extrapolation of this curve as, 


log K 9.7 


This is the thermodynamic equilibrium constant 
of the reaction diaquotetrammine- 
cobalt(III) and oxalate ions. The free energy 
change of the reaction is obtained as, 


between 


JIG 13.2 kcal. (17) 


Since the free energies of formation of di- 
aquotetramminecobalt(II1) ion, oxalate ion and 


water in unit activity are known as — 152.8 
keal. 161.8 kcal. and 56.69 kcal.» re- 
6) A. B. Lamb and A. T. Larson, ibid.. 42, 2038 (1920) 

7) F. D. Rossini et al., “Selected Values of Chemical 


Thermodynamic Properties”, United States Government 
Printing Office, Washington (1952), p. 120. 


8) F. D. Rossini et al., |. c¢., p.9. 
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C.0¢ [Co(NH3)4C20,] * +2H2O, at 25°C 

510 mys. 

C; x 108 C210 
76.3 0.225 1.025 
67.0 0.648 0.603 
FB 0.393 1.607 
78.8 0.112 1.138 
68.2 0.946 1.114 
63.7 Peg 0.725 
62.0 1.395 0.605 
71.5 0.550 1.450 
73.9 0.422 1.578 
72.0 0.675 1.325 
70.0 3.47 6.83 
68.0 ar 6.26 
75.0 0.354 1.646 
s9 2.08 7.92 
log Ky wt V te 
8.237 0.005352 0.0732 
7.748 0.006065 0.0779 
7.983 0.008379 0.0915 
8.255 0.008602 0.0928 
7.762 0.009850 0.0993 
7.497 0.01047 0.1023 
7.460 0.01059 0.1029 
7.694 0.01278 0.1131 
7.592 0.01665 0.1290 
7.045 0.02162 0.1470 
7.317 0.05073 0.225 
7.194 0.05330 0.231 
4.430 0.05650 0.238 
7.256 0.06606 0.257 

spectively, the free energy of formation of 


oxalatotetramminecobalt(II]) ion in unit activ- 
ity is calculated as 


JIG; 213.9 kcal. 


The heat of reaction between diaquotetram- 
minecobalt(III]) and oxalate ions is calculated 
as, 

JH~ 6.8 kcal. (18) 
reaction of each com- 
pound concerned, 235.7 kcal.’ for di- 
aquotetramminecobalt(III) ion, 197.0 kcal.‘? 
for oxalate ion, 68.32 kcal.’ for and 

289.3 kcal. for oxalatotetramminecobalt(III) 
ion. The last value is estimated from JH 

146.0 kcal. for hexamminecobalt(III) ion 


heats of 
1. €., 


by using the 


water 


9) K.B. Yatsimirskii, ““Thermochemie von Komplexver- 


bindungen”, Akademie-Verlag, Berlin (1956), p. 178. 
10) K. B. Yatsimirskii, 1. c., p. 161. 





December, 1961] 


and JH 575.8 kcal.' for trisoxalatocobalta- 
te(III) ion. By using 17 and 18 the entropy 
change for the reaction between diaquotetr- 
amminecobalt(III) and oxalate ions is obtained 
as 


45=—67.1 e. u. 


This large value suggests the great stability of 
oxalatotetramminecobalt(III) ion due to the 
chelate formation by oxalate ion. 

The absorbancy of the solution produced by 
the reaction of diaquotetramminecobalt(III) 











2 0F “s 
w 
or) ; 
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/ / 
F j 
15P i y 
Fd 
| >» 
“or 
L 1. a" ‘ 
60 70 80 90 


v(10'3 sec~') 


Fig. 2. The absorption spectra of the solution 
containing diaquotetramminecobalt(III) per- 
chlorate and ammonium oxalate. 

1. The solution at room temperature. 

The solution after being heated at 60°C. 

Oxalatopentamminecobalt(III) perchlorate. 

Oxalatotetramminecobalt(III) perchlorate. 


why 


11) K. B. Yatsimirskii and L. L. Pankowa, Zhur. Obshchei 

Khim., 19, 623 (1949); K. B. Yatsimirskii, ‘““‘Thermochemie 
von Komplexverbindungen”, Akademie-Verlag, Berlin 
(1956), p. 180; Chem. Abstr., 43, 7805 d (1949). 
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perchlorate with ammonium oxalate was mea- 
sured, and the spectra of the solution are 
shown in Fig. 2. The absorption spectra of 
oxalatopentamminecobalt(III]) ion and oxalato- 
tetramminecobalt(III) ion are also shown in the 
same figure. It is found that the absorption 
spectra of the compound produced at room 
temperatures by the reaction of the diaquo- 
complex with ammonium oxalate resembles 
that of oxalatopentamminecobalt(III) ion, 
whereas, when the reaction is promoted upon 
heating to 60°C, a shoulder of the absorption 
curve appears in the range of wavelengths 
corresponding to the second absorption band 
of oxalatotetramminecobalt(III) ion. It is 
presumed that a part of oxalate ion coordinated 
as a unidentate ligand at room temperatures 
undergoes transition to a bidentate ligand. 


Summary 


The equilibrium of the reaction, [Co(NH;),- 
(OH2)2]** + C204? [Co(NH3)sC.O,] * + 2H2O 
(1), was measured spectrophotometrically and 
the free energy of formation of oxalatotetram- 
minecobalt(III) ion was calculated. The large 
increase of the entropy for the above reaction 
was interpreted by the chelate effect of oxalate 
ion. 

When the mixture of oxalic acid and potas- 
sium oxalate reacts with diaquotetrammine- 
cobalt(III) complex, oxalate ion is coordinated 
as a bidentate ligand, whereas it is coordina- 
ted as an unidentate ligand when ammonium 
oxalate reacts with the same diaquo-complex. 
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Chemical Studies on Radioactive Indicators. XXIV. Separation 
of Rhenium from Technetium by the Distillation Method 


By Mutsuo KOYAMA 
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It has been considered that technetium has 
much resemblance in chemical properties to 
rhenium and the latter element has often been 
used as a carrier in the analysis of the former. 
An appropriate method is needed for the 
separation and the determination of technetium 
which is supposed to be present in natural 
ores or meteorites and also for the preparation 
of carrier-free rhenium or technetium produced 
by the bombardment of nuclear particles. 
Although several methods for separation, i. e., 
precipitation method”, ion exchange method” 
and paper chromatography*? have been pro- 
posed, it can not be said that any one of them 
is satisfactory in the analysis of the samples 
containing technetium and rhenium over a 
wide range of quantity. 

The distillation of rhenium as Re,O;':? has 
been a powerful method in the isolation from 
various elements other than technetium but 
the attempt to separate rhenium from techne- 
tium has not appeared yet 

In the previous paper™, the author pointed 
out that the distillation of technetium from 
sulfuric acid is promoted by the addition of 
an oxidizing agent, such as nitric acid or 
potassium bichromate, and delayed by the 
addition of a reducing agent, such as hydroxyl- 
amine. 

The resistance for the distillation of techne- 
tium in the presence of a reducing agent would 
be due to the formation of a lower oxidation 
state than 7. A similar experiment was 
performed on rhenium and it was found that 
reducing agent showed no effect on the distil- 
lation. 

In this experiment, several kinds of gas 
were passed through the distilling flask as 
carrier and it was found that steam was the 
most effective on the separation of rhenium 
from technetium. The experiments were carried 


1) C. Perrier and E. Segre, J. Chem. Phys., 5, 712 (1937) 

2) E. Jacobi, Helv. Chim. Acta, 61, 2118 (1948) 

3) M. Lederer, Anal. Chim. Acta, 12, 146 (1955). 

4) W. Geilmann and E. Weibke, Z. anorg. u. allgem. 
Chem., 199, 120 (1931). 

5) W. Geilmann and H. Bode. Z. anal. Chem., 13, 323 


(1950). 
6) M. Ishibashi, T. Fujinaga and M. Koyama, J. Chem 
Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 81, 


1260 (1960). 


out with the solutions of carrier-free °'™Tc, 
“m™Tc, 3Re and '**Re in the presence or the 
absence of rhenium carrier. 

The results were quite satisfactory as shown 
in Tables I and II. 


Experimental 


Reagents and Apparatus.—T/sotopes.—®™Tc(60d) 
and %™T¢(90d) were isolated as _ pertechnetate, 
from the proton-bombarded molybdenum target®. 
'S3Re(71d) and '*Re(50d) were isolated as perrhenate 
from the proton-bombarded tungsten target”. 

Stable Rhenium.—Metallic powder of rhenium was 
obtained from Yokozawa Chemicals Co. and was 
converted to perrhenate by fusing it with sodium 
hydroxide and sodium peroxide in a nickel crucible. 

Distilling Apparatus. —A pyrex glass distilling 
apparatus shown in Fig. 1 was prepared. Junctions 
were connected without grease. 
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Fig. 1. Distilling apparatus. 
Distilling fiask 2. Thermometer 
Mantle heater 4. Cooler 
Receiver-1 (10 ml. of water) 

6. Receiver-2 (20 ml of 4N NaOH) 


Awe 


Counters.—A_ single channel 7-ray spectrometer 
(crystal: Nal(Tl), 1x1 inch) made by Kobe Kogyo 
Co., Ltd. anda G.M. counter (Tube: G. M. 132A, 
mica window 1.95 mg./cm*) made by Metro Denki 
Co., Ltd. were used. 

Procedure.—-Six milliliters of the sample solution 
was taken in the distilling flask and heated with a 
mantle heater whose temperature was controlled 
with a transformer. 

Carrier gas was conducted at the rate of 60 


7) M. Ishibashi, T. Fujinaga and M. Koyama, ibid., 82, 
185 (1961) 
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bubbles per minute. Receivers were cooled with 
ice water, whenever necessary. Any adhering 
activity inside the cooler was washed out into the 
receiver with a small amount of water before the 
measuraments of the activities of the distillate. 
All the solutions were brought to a known volume 
in a volumetric flask and an aliquot was taken ina 
Sml. glass counting dish and was mounted for the 
y-ray measurement. 


Results and Discussion 


Effect of the Concentration of Sulfuric Acid. 

Carrier-free rhenium was used in the experi- 
ments for testing the effect of the concentration 
of sulfuric acid on the distillation of rhenium. 
Rhenium was not distilled out from the pure 
water solution. On heating the sulfuric acid 
solution, the temperature remained at about 
98~100°C during the distillation of water. 
After the water was distilled over, the tem- 
perature decreased once and again rose gradual- 
ly to about 250°C, while sulfuric acid began 
to be distilled. The distilling temperature 
(250°C) was changeable depending on the 
heating and bubbling conditions. 

In Fig. 2, the amounts of distilled rhenium 
are plotted against the amounts of distilled 
sulfuric acid. When 60% of the total amount 
of sulfuric acid was distilled, nearly 100% of 
rhenium was distilled out, irrespective of the 
initial concentration of sulfuric acid. The rate 
of distillation of rhenium was the greatest 
with 6N sulfuric acid and the smallest with 
30N sulfuric acid. However, no quantitative 
distillation could be expected by the use of 
dilute sulfuric acid, because the volume of 
distilling solution became too small to dissolve 
the residual materials in the course of distilla- 
tion. 
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Therefore, 18N sulfuric acid was used in the 
following experiments. 

Effects of Reducing Agent and Carrier Gas 
on the Distillation of Rhenium and Technetium. 

In order to examine the effects of the 
atmosphere in the distilling flask on the distil- 
lation rate of rhenium and technetium, three 
kinds of gas, i.e., air, hydrogen and carbon 
dioxide, were bubbled respectively through the 
flask during the distillation. 

Stannous chloride and hydroxylamine were 
used as the reducing agent, but the former 
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Fig. 3. Distillation rate of Re from 18 N H:SO, 

* in the presence or the absence of reducing 
agents. 
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Fig. 4. Distillation rates of Tc from 18 N H2SO, 
in the presence or the absence of reducing 
agents. 
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TABLE I. DISTILLATION RATES OF RHENIUM 
Redistilled (%) at various times 
Solution 
20 min. 40 min. 60 min. Spot tests of 
c.p.m. c.p.m. % c.p.m. % residual solution 

Carrier-free 3570 61.6 5540 95.6 5780 99.8 
Re alone 3790 65.4 5250 90.5 5740 98.9 
Carrier-free 
Re- 10% NH:OH- 3210 55.4 5170 89.2 5790 99.9 
HCI 2 ml. 
Re | mg. : 2450 42.2 5200 89.6 5780 99.7 None 
10°, NH2-OH-HCI 3090 53.2 5480 94.5 5790 99.8 None 
2 ml 
Re 10 mg. + 890 15.4 5450 94.5 5740 99.0 17>Re 
10°20 NH-OH-HCI 2200 38.2 5220 90.7 5790 99.9 ly>Re 
2 mi. 


* Carrier gas: 


Radioactive Re added: 5800 c.p.m. 


steam, Total volume of solution to 


be distilled: 6ml. of 18N H2SO,, 


TABLE II. DISTILLATION RATES OF TECHNETIUM 
Tec distilled (%) at various times 
Solution 
20 min. 40 min. 60 min. 80 min. 100 min. 
c.p.m. % c.p.m. % c.p.m. % c.p.m. % c.p.m. % 
Te alone 4470 12.4 704 18.6 765 20.2 795 21.0 - - 
628 16.6 784 20.7 832 22.0 835 22.0 
Tc + 10% 0 0 0 0 0 0 20 0.5 - ~- 
NH.OH- HCI 0 0 0 0 0 0 10 0.3 
2 mi 
Tc+Re 10mg+ 0 0 0 0 0 0 0 0 
10% NH.OH-HCI V) 0 0 0 0 0 0 0 
2 ml 
Tc+ HNO, I ml. 1470 38.8 2000 52.8 2020 53.0 3090 81.7 3500 92.4 
1360 35.0 2360 62.3 2380 63.0 3190 84.5 3350 88.6 


* At the same condition as 
Te added: 3800 c.p.m. 


was partially distilled out. In Fig. 3, it can 
be seen that the distillation rate of rhenium 
from sulfuric acid is independent of the pres- 
ence of hydroxylamine and bubbling gas. The 
fact that the addition of hydroxylamine had 
no effect on the distillation rate of rhenium 


shows that hydroxylamine can not reduce 
perrhenate”’. 
In the case of technetium, the decrease in 


the distillation rate was distinctly observed by 
the addition of hydroxylamine, even when aif 
was used as carrier gas. 

In the same experiment, the bubbling of 
hydrogen or carbon dioxide caused a marked 
decrease in the distillation rate, especially in 
the period of the distillation of water, little 
technetium being found in the receiver. 

The difference of the distillation rates bet- 
ween the use of air and that of carbon dioxide 
or hydrogen seems to be due to the difference 
of oxidizing ability against hydroxylamine. 
After the water was consumed in the flask, 
inn. chim., 4, 289 (1949 


8) S. Tribalat 


in the case of rhenium. 


technetium gradually came to appear in the 
distillate. The increase in the amounts of 
hydroxylamine caused the decrease of the 
distillation rate of technetium. 
Separation of Rhenium from Technetium. 
the foregoing method, as an appreciable 
amount of hydroxylamine is decomposed by 
heating with sulfuric acid solution, much 
hydroxylamine has to be added for the quanti- 
tative separation of rhenium from technetium. 
To achieve smooth distillation, it is desirable 
to keep the amount of hydroxylamine as small 
as possible. Utilizing the fact that much 
rhenium but no technetium could be found in 
the distillate, the steam distillation method in 
the presence of hydroxylamine was examined. 
Table I shows the distillation rates of 
rhenium obtained by steam distillation in the 
presence or the absence of hydroxylamine. It 
was found that by passing steam only at 100°C, 
little rhenium was distilled out, however, with 


In 


gentle heating of the flask above 105°C, 
rhenium came to be distilled out with the 
steam. 
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After distillation for 60 min., more than 99% 
of the rhenium was recovered. In the case 
when the distillation was carried out with 
stable rhenium, a spot test for the rhenium” 
remaining in the flask proved to be less than 
ly of rhenium as shown in Table I. 

The presence of hydroxylamine also had no 
effect on the distillation rate of rhenium in 
this method. In Table II, the distillation rates 
of technetium in the same condition as in the 
case of rhenium are shown. Distillation rates 
of technetium from 18N _ sulfuric acid were 
smaller than that of rhenium even in the 
absence of hydroxylamine. 
hydroxylamine no technetium appeared in the 
receivers, while most of the rhenium had been 
distilled off. 

On the other hand, it was also observed 
that the presence of nitric acid promoted the 
distillation of technetium in the steam distilla- 
tion. Therefore the separation of rhenium 
from technetium followed by the separation 
of technetium from other non-volatile materials 
by the distillation method could be aitained 


9) E. B. Sandell, “Colorimetric Determination of Traces 
of Metals”, Interscience Publishers, New York (1959), p.754 
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and K-Capture X-Rays*. 1. 


In the presence of 
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by the proper use of hydroxylamine and nitric 
acid. 


Summary 


The separation of rhenium from technetium 
was investigated. Pertechnetate is reduced to 
non-volatile species by the use of hydroxyl- 
amine, but perrhenate is not reduced by such 
an agent. Rhenium is distilled out with steam 
from sulfuric acid medium and technetium 
remains in the solution containing hydroxyl- 
amine. Rhenium from carrier-free amounts 
up to 10mg. can be separated quantitatively 
from technetium by this method. 
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Professor Taitiro Fujinaga for their helpful 
advice and encouragement throughout this 
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of radio-isotopes convenient 
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Improvement in Fundamental Technique 


and Introduction of a Differential Absorption Method 


By Tadashi 
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Soft ;-rays, j-ray-excited X-rays and K- 
capture X-rays are absorbed mainly by the 
photoelectric effect in most cases, the absorp- 
tion coefficient depending much on the atomic 
number of the absorber material. The mass 
absorption coefficient (a) for the photoelectric 
absorption of a photon whose energy is over 
the absorption edge of the absorber material 
is expressed by 

é=i(2°/ME* (8/3< 24< 7/2) (1) 
where Z and A are respectively the atomic 
number and the atomic weight of the absorber 
material and C is a constant. 


A part of this paper was reported at the 2nd Isotope 
Conference of Japan, February, 1958. 
I e. g.. E. Segre Experimenta! Nuclear Physics’ 


Vol. 1, John Wiley & Sons, Inc., New York (1953). p. 310 


This phenomenon is to be applied to a vast 
field of chemistry as well as radiography. 
Recently, several kinds of works by the use of 
the absorption of such photons have been 
published including the determination of 
sulfur in petroleum, of chlorine and bromine 
in solid organic substances, and of uranium 
and heavy metal salts. The thickness and 
density of several kinds of material were also 
measured by similar techniques. The funda- 
mental technique which has been adopted in 
these works, however, is useful only for either 
of the following two cases; (1) when a mono- 
energetic photon-beam source of a suitable 


2) W. W. Meinke, Anal. Chem., 28, 737 (1956) 
3) W. W. Meinke, ibid., 30, 688 (1958 
4) W. W. Meinke, ibid., 32, No. 5-106R (1960). 
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energy is used (i.e. when the exponential ab- 
sorption law holds), and (2) when a relationship 
between the absorbance and the quantity (or 
concentration) of the element (or substance) 
to be determined can easily be obtained em- 
pirically under a given condition. 

To extend the applicability of the absorption 
phenomenon, according to the present author’s 
opinion, it is essential to improve the funda- 
mental technique so that an exponential ab- 
sorption curve and an accurate absorption 
coefficient could be obtained for a photon-beam 
even when it is not exactly mono-energetic 

Thus, the following studies have been under- 
taken: (1) examination of a source giving 
photons of required energy, (2) examination 
of a detector which enables an efficient measure- 
ment of the radiation and gives an absorption 
curve as near as possible to the exponential 
with a given absorber, (3) introduction of the 
differential absorption method which is useful 
for obtaining a better absorption curve and a 
more accurate absorption coefficient in the 
presence of photons of different energies, (4) 
examination of apparent change in the absorp- 
tion coefficient with geometrical arrangement, 
and (5) establishment of an empirical rela- 
tionship between the absorption coefficient and 
the photon energy. 

Photon-beam Source. Absorptiometry in 
quantitative analysis is usually based on 
Lambert-Beer’s law, regardless of the photon- 


beam energy (wavelength). For a mono- 
energetic photon-beam an exponential absorp- 
tion curve can be obtained easily. Radio- 


isotopes emitting such photons are desirable 
as the source, and have been used in several 
works Various nuclides including the 
following are useful for this purpose: “'Cr, 

Ba, He, “Ce, Ce, ", Gd, TC, 

am, “Sa, “81, ***Aam, Sm, “As, Pb 
(RaD), I, *"Mo, “Ge, “Ni, “Fe and *V. 
(The photon energy decreases in the order 
given.) In using a radio-isotope emitting also 
j-rays for the source, the Bremsstrahlung 
should be made as weak as possible with a 
suitable enveloping substance (e. g. polystyrene). 

Since a relatively small number of nuclides 
among those written above are usually acces- 
sible, another kind of source, generating §-ray- 
excited X-rays, is required for increasing the 
energy variety. With §-ray-excited X-rays as 
the source, such improvements in the funda- 
mental technique as shown later are necessary, 
as they are not exactly mono-energetic. The 
yield and the purity (absence of photons of 
unsuitable energies) depend on the target 
(converter) and the arrangement of the genera- 
tor. For the present purpose the purity of 
the X-rays and the ease in the change of the 
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target material are more important than the 
yield. A reflection-type generator with a K;- 


filter holder, (Fig. 1) serves conveniently. 
Figure 2 shows the spectra observed by a 
scintillation counter (sodium iodide 1'’x«1’’ 
crystal with aluminum cover), and Fig. 3 those 
by the scintillation and a proportional counter. 
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(For convenience, §-ray-excited X-ray of ele- 
ment M is written as M-§ in this paper.) 

Detector. The counting efficiency and the 
shape of the absorption curve depend much 
on the detection method. When °’Fe is used 
as a source, a simple G-M counter works 
satisfactorily. But this counter is a poor 
detector for a photon-beam having a_ higher 
energy than 10keV. and the pulse height 
cannot be discriminated. Thus, an ordinary 
G-M counter can be used only for a few 
sources: ¢.g. “Fe, °°Ni. 

Measurement of photon-beams by counting 
only a narrow region of photo-peak (photo- 
peak counting) by a low-noise scintillation 
counter with a single channel analyzer offers 
a better result in general; the efficiency is 
high for photons of 20 to 300 keV. and the 
absorption curve is more similar to a_ typical 
exponential curve. For a photon having an 
energy under 20 keV., however, the following 
three problems are encountered: (1) the ab- 
sorption by the cover of the scintillator, (2) 
the multiplier noise, and (3) the broadening of 
photo-peak (e.g. those in Fig. 2). The first 
can be made small by the use of a beryllium- 
covered crystal, which, however, is not always 
readily available. On the other hand, a 
proportional counter tube filled with xenon, 
krypton or a mixture of these serves, as a still 
better detector for such a measurement. Fig. 
3 shows the spectra of Br-3 measured by a 
xenon-filled proportional counter and by the 
scintillation counter. No marked photo-peak 
is observed by the latter. Though the photo- 
peak obtained by the proportional counter is 
not so sharp as inferred from literature”, 
probably owing to the end effect, the counter 
is proved to be a very useful detector for such 
a photon-beam. A krypton-filled tube works 
as either a proportional or a G-M counter 
according to the applied voltage, though the 
dead time of the G-M tube is as long as | 
millisecond. By the use of an_ external 
quenching circuit, however, such a tube could 
be used also as a G-M tube and provides a 
cheaper technique for measuring photons below 
50 keV. 

In Fig. 4 the absorption curves of photon- 
beam from *'Tl and of Hg-' are shown. Both 
emit the characteristic X-rays of mercury. The 
curve measured by a usual G-M counter is 
far from the exponential curve; the absorption 
coefficients are much larger at the initial stage, 
and an absorption tail is observed. The for- 
mer phenomenon can be attributed to the 
L-series X-rays which are more sensitive to 
counter than the K X-rays. The same is seen 


5) W. Parrish et al., Rev. Sci. Instr., 27, 795 (1956). 
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with Hg, which emits a 7-ray and character- 
istic X-rays of thallium owing to internal 
conversion. The tailing should be due to the 
Bremsstrahlung. The curves obtained by the 
photo-peak counting with a scintillation counter 
are greatly superior. For Hg, the curve 
maintains the exponential form even when the 
counting rate decreases to 1/1000 of the initial. 
For other sources, especially for §-ray-excited 
X-rays, however, the absorption tailing exists 
to a considerable degree. 

The energy resolution of the counter should 
be taken into account, since K, X-rays of the 
6-ray-excited X-ray are always accompanied 
with Kg rays and Bremsstrahlung of similar 
energies. On measuring a mono-energetic 
photon-beam by a scintillation or a proportional 
counter, the photo-peak is expressed by the 
Gaussian distribution curve, 


R=k exp[—h?(En — E)?] (2) 


where R is the counting rate, E is the energy, 
Em is the observed energy giving maximum R 
on the spectrum, and k and A are constants. 
And, 


(JE) 1/2=CV Em (3) 


where (JE),/2 is the full width of photo-peak 
at 1/2 counting rate and C is a constant. By 
the use of a good source, i.e. RaD, the value 
C in Eq. 3 can be determined, and from this 
value and Eq. 2 the fraction of Kgs involved 
in the measurement range is calculated under 
a given experimental condition. For a common 
experimental condition described in the experi- 
mental part, the effect of Kz is usually of less 
significance in case of a source giving a higher 
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energy than Hg-5, but must be considered for 
a source giving a lower energy than Ce-5. In 
the latter case a Kg filter is useful to some 
extent: the shape in a higher energy region 
than the top of the photo-peak is improved 
and the photo-peak itself becomes sharper. 

Differential Absorption Method.-- As men- 
tioned above, the absorption curve obtained 
by the above technique is in general not 
entirely satisfying for an accurate work. 
Inevitably there is absorption tailing to a 
certain degree, which is a nuisance when trying 
to obtain an accurate absorption coefficient, 
especially when the absorbance is large. 

Two useful methods for the removal of the 
effect of absorption tailing (differential method 
and auxiliary absorption method) are presented, 
which have been devised anew in consideration 
of the causes of the tailing. 

There must be three causes: 

(1) Photons of a higher energy suffer the 
Compton scattering in the detector and escape 
with an energy loss in the vicinity of the 
measurement range. 

(2) The same scattering also occurs in the 
absorber and surrounding materials, and a part 
of the scattered photons can have a similar 
energy as that of the main photo-peak and 
enter the detector. 

(3) The escape-peak of a photon whose 
energy is higher by the energy of the K, of 
the detector material. appears in the measure- 
ment range. 

For effects 1 and 2, the following relation- 
ship is known 


2hy. ‘me 
E=& (4) 
lh 2y)/me 


where E, is the maximum energy that an 
electron can obtain after a collision. When 
E. is smaller than me’/5, Av,/E. is greater 
than 7 2. This relathionship shows that photons 
giving the effect | must have had much higher 
energies than the observed range, when the 
photons were subjected to only one scattering. 
The chance of multiple scattering giving rise 
to effect 1 must be very small. 

The effect 2 must result either from a small- 
angle scattering or from a multiple scattering. 
When the measurement is made in an arrange- 
ment shown in Fig. 1, the probability of the 
latter is negligible. A photon scattered with 
a small change of direction (e. g. a few degree), 
#, loses so small an amount of energy that it 
is hardly ever distinguished from the unscattered 
photon. The following familiar equation 
elucidates such a relationship 


6) e. g. Ref. 1, p. 319 


7) e. g. ibid., p. 318 
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hy 
nies 1 + (hy, ‘me*) (1 —cos #) (3) 
where hy and Avy are respectively the energy 
of the photon after and before the scattering. 
Thus, the tailing due to effect 2 is not serious. 

Complete elimination of the effect 3 is prac- 
tically impossible. But when the geometrical 
arrangement is so adjusted as tc make the 
photon-beam enter the center of the detector, 
the escape-peak is less distinct. 

Thus, the main cause of the tailing should 
be the single Compton scattering (in the 
detector) of photons having much _ higher 
energies. 

Differential Method. — Several sheets of ab- 
sorber made of the same material and having 
the same thickness are prepared. The counting 
rate is measured, the number of the sheets 
being changed one by one. When the decrease 
in the counting rate caused by placing one 
additional sheet is plotted against the number 
of the sheets used, the curve is more similar 
to an ideally exponential than the ordinary 
curve. 

That curve, which is tentatively called “ dif- 
ferential absorption curve” can be formulated 
as follows: the ordinary absorption curve is 
generally expressed by 


R=Aexp(—-®T)-+B(T) (6) 


where @ and T are respectively the absorption 
coefficient and the absorber thickness and A 
is a constant, and B(7T) is written as 


B(T)=>> B, exp[—@,T] (7) 


For simplicity, the following case is considered. 
B(T)=Bexp(—@'T]+C (8) 


That is to say, the source gives only two 
kinds of photon, and there is a constant back 
ground. Then, the difference between the 
counting rates measured through n and n+] 
sheets of the absorber of thickness JT is 
expressed by 


R R Aexp(—@nJtIT) |{1—exp(—@4JIT)| 
Bexp(-—-@'nJT){1 -exp(—@'4T)! 
{1—-exp(--®JT)| Aexp(—9OT) 
1—exp(—@' JT) ; 

Bexp(—@'T 
1—exp(—@JT) sated 


(9) 


where T--nJT. Comparison of Eq. 9 with Eq. 
6 shows that the effect of a photon of a higher 
energy is reduced with the aid of the differential 
curve by a factor of [1—exp(—@'JT)]/ [I 


exp(—@JT)|. With an infinite number of 


ar 
al 


of 
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infinitely thin absorbers this factor becomes 
0'/P, the ratio of the absorption coefficient 
for the photon of the higher energy to that 
for the lower energy. This ratio must be 
much less than unity. Because, as mentioned 
above, the energies of the two photons should 
differ largely from each other, and the absorp- 
tion, at least for the photon of the lower 
energy, is mostly due to photoelectric effect. 
This is why the differential absorption curve 
is superior to the ordinary absorption curve. 
Such a consideration also holds in an actual 
case, where the source gives more photons of 
varying energies than shown in Eq. 8. When 
the counts taken are large enough in each 
measurement with varying numbers of the 
absorber sheet, the secondary. differential 
absorption curve offers a still better result. 

The differential absorption curves of “'TI 
and Hg-3 with copper are shown in Fig. 4. 
For other kinds of source and absorber material 
a similar improvement is observed. 

Auxiliary Absorber Method.--For the measure- 
ment of the differential absorption curve, 
several sheets of the same absorber material 
having the same thickness are required. Prac- 
tically, this requirement is hardly fulfilled. 
The “auxiliary absorber method” finds more 
general use. A thin foil of a certain material 
(auxiliary absorber) having as large an absorp- 
tion coefficient as possible specifically for the 
photon in question is placed in the path of 
the photon-beam. Further, the decrease in the 
counting rate caused by this absorber is 
measured both in the presence and the absence 
of the sample. When the decrease in counting 
rate in the presence of the sample is divided 
by that in its absence, the quotient gives a 
fairly accurate transmittance (denoted by frac- 
tion and not by percentage) of the photon 
through the sample. This is true even when 
the absorbance of the sample is considerably 
great. This can be explained by the following 
equations. (Subscript A indicates figures for 
auxiliary absorber.) 


R(T)=Aexp(—@T) ~— B(T) 
R(0)=A-+ B(O) 
R(T3) =Aexp(— @,T;) ~ B(Ts) 
R(T +T,) =Aexp(—OT—@,T,) + B(T+ T,) 
Hence, the quotient D becomes 
R(T) —R(T+Ta) 
R(0)— R(T4) 
(Aexp(—@T) |1—exp(—®,T,)| 
B(T)—B(T+Ta) 
A|l1—exp(—@,7T,)]| + B(O) — B(T,) 
(10) 
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When 
B(O) = B(T,) and B(T) 
D~—exp(—@T) 


B(T+ Tx) 
(11) 


The larger the M, is and the smaller the 7, 
is, the better are satisfied the assumptions in 
Eq. 11. It is clear from a similar argument 
given in the “differential absorption method ” 
that the auxiliary absorber method offers an 
improved absorption curve. This curve is also 
always superior to the differential absorption 
curve. The differential method can be re- 
garded asa special case of the auxiliary absorber 
method, each of the absorbers in the former 
being itself the auxiliary absorber in the latter. 

Absorption curves of a solution of barium 
chloride (0.114g./ml.) in dilute hydrochloric 
acid are shown in Fig. 5 with the absorption 
curve of hydrochloric acid containing the same 
quantity of chlorine. The auxiliary absorber 
is a thin tin foil, through which about 53% of 
photons transmit. 
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Fig. 5. Absorption curves. BaCl, [A] and 


HC! [A] are the auxiliary absorption 
curves. [BaCl.] is the ordinary absorp- 
tion curve. 


Effect of Geometrical Arrangement. — A change 
of apparent absorption coefficient is clearly 
observed for an absorber having a small 
absorption coefficient according to the geo- 
metrical arrangement. For such an example, 
absorption curves of polystyrene for the photon 
from **Tl are shown in Fig. 4. The curve 
denoted by [X] means that the absorber is 
placed as shown in Fig. 1, and the one denoted 
by |Y] means that it is placed on the scintil- 
lator. When a detector, an absorber and a 
source are placed close to one another, the 
apparent absorption coeffieient is small, and 
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increases toward a definite value with the 
increase in the distances between the source 
and the absorber and between the absorber 
and the detector. 

This effect is attributable to the small-angle 
Compton scattering with a negligible energy 
loss. With such an absorber, the photolectric 
effect and the coherent scatterings contribute 
only slightly, and the absorption is caused 
almost entirely by the Compton scattering. 
However, the addition of the correction value, 
which can be obtained from the theoretical 
result’’, offers a definite value independent of 
the geometrical arrangement, unless the source, 
absorber and detector are close to one another. 
Such a corrected value is thought to be the 
true absorption coefficient. For the geometrical 
arrangement shown in Fix. 1, the correction 
value to be added is 0.007 cm’ /g. for atoms in 
the absorber having an equal number of pro- 
tons and neutrons. This value is about 1/20 
of the total Compton-scattering cross section 
of the atom for a photon of 100 keV. Thus, 
this correction value can be used for all kinds 
of absorber material and for all kinds of 
photon-beam with quite a little final fractional 
error, so far as the absorption is mainly due 
to the photoelectric effect. 

Relationship between the Absorption Coef- 
ficient and the Photon Energy. — Fairly good 
absorption curves and accurate absorption 
coefficients are obtained with the aid of tech- 
niques described above. The total cross section 
of the Compton scattering by an electron is 
almost independent of the binding state. The 
relationship between the total cross section of 
the Compton scattering and the photon energy 
is found in various literatures. 

Amidst the coherent scatterings of photons 
with which we are concerned here, only the 
Rayleigh scattering has a significant contribu- 
tions, though its cross section is much smaller 
than that of the photoelectric absorption. The 
dependence of Rayleigh-scattering cross section 
on the photon energy is not greatly different 
from that of the photoelectric effect. 

Thus, ¢, the absorption coefficient excluding 
the contribution of the Compton scattering is 
proportional to E~?, or, 


~=kE-* (13) 
where 8/3< 2< 7/2, and k is a constant. 
The experimental results shown in Fig. 6 


agree with Eq. 13. They agree also with other 
absorber materials such as tungsten, neodymium, 
barium, iodine and aluminum. These experi- 
mental results indicate that Eq. 13 is valid not 


8) e. g. K. Siegbahn, “ Beta- and Gamma-ray Spectro- 
scopy’, North Holland Pub. Co., Amsterdam (1954), p. 33. 
9) e. g. ibid., p. 528. 
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only above but also under the K-absorption 
edge, with a change of the magnitude of &k at 
the edge. This relationship plays an important 
role in further extension of the present study. 
However, it is doubtful, whether an extrapola- 
tion of a curve in Fig. 6 to a region of much 
lower energy (e.g. ''Fe as the source) provides 
a correct value. 
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Fig. 6. Relationship between Absorption 
coefficient and photon energy. 


There are numerical tables and charts calcu-~ 
lated theoretically for the absorption coefficient 
against the photon energy. The value, however, 
is not entirely trustworthy for a photon having 
an energy not much larger than the binding 
energy of an electron in the absorber material, 
because of the invalidity of the Born approxi- 
mation’. For the region under the K-absorp- 
tion edge, the experimental values are usually 
considerably larger than the theoretical. 


Experimental 
Photon-beam Source.—A_ solution containing 
radioisotopes of high specific activity emitting 


useful photons together with j-rays, was dried up 
in a hole dug in a small piece of polystyrene block, 
and the hole was filled with solid paraffin. When 
such a radioisotope was dried up in an iron dish 
or kept without j-ray absorber, the absorption 
curve, deviated further from the exponential curve. 
To improve the absorption curve, a solution con- 
taining 2°*Tl was dried up on a crossing of poly- 
styrene fibers at the center of a cubic polystyrene 
box of S5cm. dimension, and the air in the box 
was replaced by hydrogen. However, only a little 
improvement was observed. 





10) e. g. ibid., p. 857 
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About 50mc. of “Sr of a high specific activity 
was dried up on a ring-formed filter paper for use 
as a §-ray source of the §-ray-excited-X-ray genera- 
tor. It was essential to shield the detector from 
scattered photons by thick lead blocks. Targets of 
the generator were prepared as follows. Metal 
plates of a suitable thickness were formed as shown 
in Fig. 1, for use as the target. For other 
materials, compounds with lighter elements, such 
as uranium oxide, thorium oxide, mercury(I) 
chloride, tungsten oxide, cerium(IV) oxide, barium 
carbonate and ammonium bromide were placed on 
polystyrene target holders to a layer of due thick- 
ness with the aid of a benzene solution of poly- 
styrene. The polyethylene sheet covering the lead 
block of the generator suffered radiation damage 
and had to be renewed with great care within a 
year. 

Detector.—A scintillator (Nal, 1'' x 1"', Harshow) 
was mounted with the aid of a silicone oil on a 
photomultiplier tube (du Mont 6292), which was 
selected out of several tubes by examining their 
stability and thermal noise (a thinner crystal 
would be preferable for some cases). Heater 
voltage for the linear amplifier and preamplifier 
must be stabilized. The unit having the longest 
resolving time in the counter assembly was the 
pulse-height analyzer (5 #sec.), others having much 
smaller resolution time. Throughout the work, the 
gain of the linear amplifier and the preamplifier 
and the applied voltage to the photomultiplier tube 
were kept constant, unless a y-ray having a higher 
energy than 200 keV. was measured. The scale in 
the abscissa of Fig. 2 was the bias voltage (base 
line) of the single channel analyzer under that 
condition. The window width for the photo-peak 
counting was 5.4V. for a source of a higher energy 
than RaD and 3.6V. for that of a lower energy 
than Ce-5 respectively under the same condition. 
The counting rate without absorber was about 10* 
to 2x10‘c. p.m. in other cases than *Hg, in 
which the rate was about 10°c. p. m. 

Under the condition of the photo-peak counting, 
the fraction of Kg rays appearing in the measure- 
ment range was as follows (denoted by percentage); 
U-5 9, Th-3 9, Pb-3 15, Hg- 17, W-5 22, Ce-3 33, 
Ba-5 35 and Sn-3 44. For Kg-filter, barium carbonate 


powder and iodoform were used for Ce-5 and Ba-3 
respectively, both being painted on a thin filter 
paper in viscous benzene solution of polystyrene. 

Proportional counter tubes (1.6cm. diameter, 10 
cm. effective length) of end-window type (1.9 mg./ 
cm®* mica) filled with methane (4cm.Hg) and xenon, 
krypton or a mixture of these (ca. 40cm.Hg) were 
set up and their characteristics measured. The 
Output pulse of the tube was preamplified and 
introduced into the same electronic devices as those 
used with the scintillation head. The tube was 
also connected to a simple G-M counter circuit. 

Absorbers and Measurement of Absorption Coef- 
ficient.—Metal-plate absorbers of aluminum, copper, 
tin, molybdenum and lead were obtained com- 
mercially or by rolling the pure metal to a desired 
thickness. A known quantity of pure iodine was 
dissolved in ethanol and made up to a definite 
volume. Pure barium and neodymium carbonates 
were dissolved in hydrochloric acid of a suitable 
concentration, and the content of the element was 
determined gravimetrically. Absorption curves of 
both the solution and the solvent were determined, 
and the absorption coefficient of the element was 
calculated, volume change due to the dissolution 
being taken into account. 


Summary 


Studies for the improvement of fundamental 
techniques for the chemical use of the absorp- 
tion of soft y-rays, j-ray-excited X-rays and 
K-capture X-rays were undertaken. The ex- 
ponential absorption curve, which is essential 
for the measurement of the accurate absorption 
coefficient and for many quantitative works, 
was obtained by the use of a proper detection 
method and the differential absorption tech- 
nique, even in the presence of some photons 
having various energies. The relationship 
between the absorption coefficient thus obtained 
and the photon energy proved to agree with 
the theoretical result. 


The Electrical Communication Laboratory 
Musashino, Tokyo 
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Visible Absorption Spectra of 1,3,5-Trinitrobenzene and its 
Derivatives in Aqueous Alkaline Acetone 


By Takehiro ABI 


(Received January 16, 1961) 


In a previous short communication” it was 
reported that when an acetone solution of 
1, 3, S-trinitrobenzene was treated with aqueous 
sodium hydroxide intense 460 and weak 510~ 
590 mvt bands appeared and when ammonia 
water was applied an intense 505m band 
came out. In the present work, the same spec- 
troscopic investigation has been made on similar 
reactions of aqueous sodium hydroxide and of 
aqueous ammonia with 1, 3, 5-trinitrobenzene 
derivatives of 1,3, 5-trinitrobenzene, 2, 4, 6-tri- 
nitrotoluene, tetryl] (2,4, 6-trinitrophenylmethyl- 
nitramine) and picryl chloride, in acetone. 


Expermental 


Commercial extra pure grade trinitro compounds 
and commercial grade acetone were purified by the 
same methods as in the previous paper». Sodium 
hydroxide and ammonia water (ca. 28%.) of com- 
mercial grade were used without further purification. 
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Fig. |. Absorption spectra of 1,3,5-trinitro- 
benzene (1.06% 10°°M) in acetone (contain- 
ing 4%. water by volume) in the presence of 
sodium hydroxide (4.16-10°°N) at room 
temperature. 


| Immediately after the preparation 
2 -—- After 1 hr. 
3 After 2 hr. 
4 +e After 5 hr. 


1) T. Abe, This Bulletin, 32, 778 (1959). 
2) T. Abe, ibid., 32, 339 (1959). 


Each colored solution was made pipetting | cc. of 
an aqueous alkaline solution into I cc. of acetone 
solution of each trinitro compound and diluting the 
resulting solutions with acetone to 25cc. Spectra 
of all the colored solutions were measured, using 
a Hitachi EPU-2 spectrophotometer at room tem- 
perature. The length of the absorption cells was 
lcm. 


Results and Discussion 


Absorption Spectra of the Trinitro Compounds 
in Aqueous Acetone Containing Sodium Hydro- 
xide (Figs. 1-4)..When dilute aqueous solu- 
tions of sodium hydroxide are added, all the 


O4F f\ 


Absorbancy 





Wavelength, my 


Fig. 2. Absorption spectra of 2,4,6-trinitro- 
toluene (1.68*10~°M) in acetone (contain- 
ing 420 water by volume) in the presence of 
sodium hydroxide (4.16x10°2N) at room 


temperature. 

1 Immediately after the preparation 
P After 1 hr. 

3 After 2 hr. 

4 After 3 hr. 

5 After 5 hr. 
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Fig. 3. Absorption spectra of tetryl (3.95 x 10 
M) in acetone (containing 4% water by 
volume) in the presence of sodium hydroxide 
(4.16«10-2N) at room temperature. 


I Immediately after the preparation 
2 After Ihr. 
3 After 2 hr. 
4 After 4hr. 
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Fig. 4. Absorption spectra of picryl chloride 
(1.73x10-5M) in acetone (containing 4% 
water by volume) in the presence of sodium 
hydroxide (4.16 10-2 N) at room temperature. 


| Immediately after the preparation 
2 After 1 hr. 
3 -- After 3hr. 
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Fig. 5. Absorption spectra of tetryl in water 
containing sodium hydroxide at room tem- 


perature. 


Immediately after the preparation 
After 1 hr. 
After 2 hr. 
After 4hr. 
After a day 


aAhwlhe 


acetone solutions of these trinitro compounds 
initially show similar absorption curves 1. The 
analogy among the absorption curves | in Figs. 
1-4 is not in perfect accord with Kimura’s 
results. He reported that a spectral pattern 
of a colored solution produced by treating trini- 
trobenzene with sodium hydroxide in a mixture 
of acetone and methanol (50% by volume) 
was different from patterns similarly made 
from trinitrotoluene and picryl chloride, and 
that the former was due to structure I while 
the latter ones were due to both structures I 
(mainly) and II. 


R CH»,COCH, 
R 
Or , ON NO, 
N= —NO, 
O 
H 
CH.COCH, 
NO, 
oO O 
I II 


A change in an absorption curve of the 
aqueous alkali-treated colored solution of tetryl 
with time is indicated in Fig. 5. The colored 
solution made by adding a drop of aqueous 


3) M. Kimura, Pharm. Bull. (Japan), 3, 75 (1955). 
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sodium hydroxide solution (IN) to a dilute 
aqueous solution of tetryl is decolorized at the 
highest measurable rate at room temperature 
among those of the four trinitro compounds. 
The decolorized solution shows an absorption 
curve 5 similar to that of picrate anion. It is 
well known that tetryl reacts with aqueous 
alkali to form picrate. Accordingly, as men- 
tioned in the previous paper”, a curve in Fig. 
5 is expected to be due to Meisenheimer’s in- 
termediate III in the process of substitution 
reaction of tetryl to picric acid. 


CH 


O2N- \ OH 


ON- —-NO 


NO 
Ill 

Recently such Meisenheimer’s intermediates 
have been presented for many colored products 
of polynitrobenzene derivatives with alkalies*. 
From the close similarity of the absorption 
curves | in Figs. | 4 with that 1 in Fig. 5 it 
seems likely that the curves | in Figs. 1-4 do 
not correspond to products such as I or II but 
do to such Meisenheimer’s type complexes, III, 
formed between the trinitro compounds and 
sodium hydroxide 

When the colored solutions for Figs. 1 4 
are allowed to stand for several hours, they 
become turbid. Their spectra can not, therefore, 
be measured thereafter. Figs. 3 and 4 suggest 
that both the colored species from tetryl and 
picryl chloride are gradually converted into a 
substance giving an absorption band at about 
390 myt. Picric acid in acetone also gives an 
absorption band at the same region in the 
presence of sodium hydroxide’. Accordingly, 
the colored species from tetryl and_ picryl 
chloride in acetone as well as in water are 
probably converted mainly into picric acid. 
On the other hand, the colored solutions of 
trinitrobenzene and trinitrotoluene do not have 
distinct bands at about 390 my even after de- 
coloration, as indicated in Figs. 1 and 2. 
Therefore, those from trinitrobenzene and tri- 
nitrotoluene would undergo further complicated 
reactions like the reaction of trinitrobenzene 
with sodium carbonate in methanol, finally 
giving 3, 5-dinitroanisole through the formation 
of the Meisenheimer’s intermediate». 

Absorption Spectra of the Trinitro Compounds 
in Acetone Containing Ammonia Water (Figs. 
6-9).— Figs. 6-9 show that colored solutions 


* For example, see Ref. 4 


4) T. Abe, This Bulletin, 34, 21 (1961) 
5) P. T. Izzo, J. Org. Chem., 24, 2026 (1959) 
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initially produced by additions of ammonia 
water to the acetone solutions of the trinitro 
compounds give absorption curves | similar 
to these for the colored solutions obtained by 
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Fig. 6. Absorption spectra of 1,3,5-trinitro- 


benzene (1.23 «10~5M) in acetone (contain- 
ing 42, water by volume) in the presence of 
ammonia (1.2%) at room temperature. 





l Immediately after the preparation 
2 After 1 hr. 
3 After 3 hr. 
4 After a day 
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Fig. 7. Absorption spectra of 2,4,6-trinitro- 


toluene (1.68 10-5M) in acetone (contain- 
ing 4% water by volume) in the presence of 
ammonia (1.2%) at room temperature. 


I Immediately after the preparation 
2 —-—- After Ihr. 

3 After 3 hr. 
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After a day 


December, 1961 ] 


09° 


Absorbancy 


Fig. 8. 


M) in 





600 


Wavelength, my 


Absorption spectra of tetryl (2.00 10 
acetone 


(containing 4% water by 


volume) in the presence of ammonia (1.2%) 
at room temperature. 
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Fig. 9. 





I amediately after the preparation 
After 1 hr. 
After 3 hr. 
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Absorption spectra of picryl chloride 
(1.65 x 10 


°M) in acetone (containing 4% 


water by volume) in the presence of ammonia 
(1.2%) at room temperature. 
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Immediately after the preparation 
After 1 hr. 

After 3 hr. 

After a day 
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Fig. 10. Absorption spectra of tetryl in water 


containing ammonia at room temperature. 
l Immediately after the preparation 
After 1 hr. 
After 4hr. 
After 8 hr. 
After a day 
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the addition of sodium hydroxide, except in 
the case of the solution from trinitrotoluene, 
and that the initially produced colored solutions 
change to the other solutions having different 
stable intense bands. The absorption curve | 
in Fig. 7 is the only one which does not cor- 
respond to the curve | in Fig. 2, but does to 
the curve’? for a colored solution formed 
from trinitrotoluene in ethanol by the action 
of sodium ethoxide. Caldin et al."’? have 
suggested a proton-transfer reaction. Miller 
and Wynne-Jones® also observed that a mix- 
ture of trinitrobenzene with diethylamine in 
acetone or in ethanol produced at first an 
intensely colored solution having absorption 
maxima at 470, 515 and 570my and that the 
solu on changed after a considerable period 
to that having an absorption band only at 
515 mp. 

One can see from Fig. 10 that both ammonia 
water and sodium hydroxide react identically 


6) E. F. Caldin and G. Long, Proc. Roy. Soc., A228, 
263 (1955). 

7) J. B. Ainscough and E. F. 
1956, 2528. 

8) R. E. Miller and W. F. K. Wynne-Jones, ibid.. 1959, 


Caldin, J. Chem. Soc., 
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with tetryl in water. From the similarity of 
the absorption curves 1 in Figs. 1-5 and 10, 
the absorption curves 1 in Figs. 6,8 and 9 are 
perhaps due to the colored intermediates such 
as III, except for the case of trinitrotoluene. 
These initially formed colored intermediates 
may further react to produce a stable colored 
species giving the final absorption curves 4 
in Figs. 6-9. The stable colored species were 
provisionally considered to be Meisenheimer’s 
intermediates in the previous paper”. How- 
ever, it has not yet been proved that the stable 
species are converted further into 
picric acid. Therefore, at present one can not 
conclude that they are the Meisenheimer’s 
intermediates. Kimura’? reported that a 
darkish purple substance obtained by adding 
sodium bicarbonate to the acetone solution of 
trinitrobenzene was a product similar to II. 


colored 


Summary 


The visible absorption spectra of the colored 
solutions produced by adding aqueous sodium 
hydroxice solution or ammonia water to the 
acetone solutions of 1,3, 5-trinitrobenzene and 
its derivatives (2, 4, 6-trinitrotoluene, tetryl and 
picryl chloride) were measured at room tem- 
perature in order to investigate the difference 


9) T. Abe, This Bulletin, 32, 997 (1959). 
10) M. Kimura, J. Pharm. Soc Japan (Yakugaku Zasshi), 
73, 1219 (1953). 
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of the chemical actions between stong-alkaline 
sodium hydroxide and weak-alkaline ammonia 
water. 

These trinitro compounds in acetone contain- 
ing sodium hydroxide show spectra similar to 
that of the aqueous sodium hydroxide solution 
of tetryl. The spectrum of this aqueous colored 
solution is considered to be due to an inter- 
mediate of the Meisenheimer type in the process 
of the substitution reaction of tetryl to picric 
acid. Consequently, all the spectra of the 
colored solutions from the trinitro componds 
are also probably due to the intermediates ot 
the Meisenheimer type. 

Each colored solution of the trinitro com- 
pounds in acetone containing ammonia water 
initially shows the same spectrum as that with 
sodium hydroxide, except for the case of tri- 
nitrotoluene, and changes to the other colored 
solution having an intense and stable band 
entirely different from the initial spectrum. 
The initially formed. colored solutions of these 
trinitro compounds, except the solution from 
trinitrotoluene, may also be due to the Meisen- 
heimer intermediates. 


The author is particularly indebted to Pro- 
fessor YOkan Nomura for helpful discussions. 


Department of Chemistry 
Defense Academy 
Yokosuka 


Sur la Dissolution des Minerais Sulfurés en Divers Milieux. V. 
Dissolution de la Sphaleérite 


Par Masami ICHIKUNI et Hiroshi KAMIYA 


(Recu le 20 Janvier 1961) 


Lorsqu’on aborde le probléme de la désagré- 
gation des minerais sulfurés par voie chimique, 
on s‘intéresse notamment aux réactions qui 
ont part a ce phénoméne. Bien que de nom- 
breux articles soint déja parus a ce propos, 
ces études sont faites, dans la plupart des cas, 
avec lutilisation des minerais et non des 
minéraux. L’interprétation des résultats était 
tres difficile, car les analyses chimiques n’ont 
donné que l’aspect global du phénoméne com- 
posé de nombreuses réactions qui s’avangcaient 
chacune a vitesse différente. I] faut qu’on 
sache quelles réactions peuvent avoir lieu et 
ont lieu au cours de la désagrégation. 


Pour l’analyse des résultats, la sphalérite 
semble se munir d’un caractére favorable grace 
a la simplicité de sa composition chimique. 
Kuz’minykh et Yakhontova” ont déja étudié 
l’extraction du zine a partir de ce minéral en 
utilisant le sulfate de fer (III) comme réactif. 
Il s'agit de la dissolution du minéral en milieu 
extrémement oxydant; ce milieu ne représente- 
rait pas celui de la nature. Ohashi» a examiné 
la dissolution des minéraux sulfurés dans les 


1) I. N. Kuz’minykh et E. L. Yakhontova, Zhur 
Prinklad. Khim. (J. Applied Chem.), 23, 1121 (1950). 

2) S. Ohashi, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 74, 845 (1953). 
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eaux Saturées d’air, mais il est regrettable que 
cet auteur n’ait pas montré les réactions de 
dissolution. Récemment, du point de vue 
électrochimique, Sato” a donné le mécanisme 
de la décomposition des minéraux sulfurés dans 
une solution choisie. 

Les présents auteurs voudraient montrer les 
réactions de la décomposition de la sphalérite 
en diverses solutions et préciser les conditions 
qui favorisent la désagrégation, tout en tenant 
compte des composants mineurs en solution. 
Il est probable que ces derniers se chargent du 
role de catalyseur dans la nature. 
ration des réactions est souvent due unique- 
ment a laction du catalyseur. On tatonne 
encore quelles substances peuvent étre un 
catalyseur dans la désagrégation des minerais 
sulfurés. 


L’accélé- 


Méthode d’Expérience 


On suspend 500 mg. de sphalérite pulvérisée dans 
1 
! 


200 ml. de liqueur a l’aide d°un agitateur magnétique, 
et effectue le prélévement de Sml. de liqueur a 
des intervalles appropriés au cours de 2 hr. de 
traitement. Le ballon a fond plat a 300ml. con- 
tenant la liqueur est plongé dans un bain-marie 
dont la température est maintenue constamment a 
50 C. Le ballon est bien bouché avec un bouchon 


de caoutchouc, persé de 2 tuyaux de verre le plus 
long, dont le bot de dessous se munit d’un hémi- 
sphere de verre fritté qui touche presque le fond 
du ballon, sert a produire de nombreuses petites 
bulles d’air dans la liqueur, lorsqu’on relie a une 
trompe le tuyau le plus court qui ne s’enfonce pas 
dans la liqueur. Le débit de Tair est réglé a 
0,4 1./min. 

La sphalérite produite a la mine de Hosokura, 
département de Miyagi, est pulvérisée et passée au 
tamis 60. Le Tableau I montre le résultat d’analyse 
de Véchantillon. Une certaine teneur en plomb 
s’explique par la présence de la galene qui est une 
des impuretés minéralogiques les plus communes. 
On a préparé ici deux échantillons en pulvérisant 
de nouveau de la sphalérite tamisée dans un mortiet 
d’agate. Un échantillon qui a été utilisé pour 
l’examen de influence du pH sur la dissolution de 
ce minéral était moins fin que l'autre avec lequel 
on a effectué les autres expériences 

TABLEAU I. RESULTAT D’ANALYSE CHIMIQUE 


DE LA SPHALERITE 


Composant Teneur, 
Zn 61,78 
Fe 1,29 
Cd 0,38 
Mn 0,06 
Cu 0,01 
Pb 2,62 
S 31,53 
SiO 0,21 
Total 97,88 


3) M. Sato, Econ. Geol., 55. 1202 (1960 
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La liqueur prélevée est immédiatement filirée ei 
amenée a 25 ml. Sur cette solution diluée on effectue 


le dosage du zinc, et sil y a lieu, du fer et du 
fait par 


culvre. Le dosage du zinc et du cuivre est 


voie coloriméirique au moyen de la dithizone, et 


celui du fer, au moyen de -phénanthroline Le 
dosage de Ihydrogéne sulfuré a été effectué par 
Viodométrie apres une filtration soigneuse de 
liqueur. Lion sulfate est examiné avec une solu- 


tion de chlorure de baryum 


Résultats 
Effets du pH. 


la vitesse de dissolution du_ zinc 


Quand on a introduit de lair. 
dépendait 
dans une grande mesure de l’acidité du milieu. 
La sphalérite s‘est dissoute rapidement au 
début du traitement. et dont la vitesse de dis- 
ralenti 


graduellement et elle est 


constante dans une demi-heure Voll 


solution a 
devenue 
am Fe: 2). ette vitesse constante servait a 
établir une échelle de comparaison entre toutes 
les conditions des experiences. 

Le résultat des expériences est indiqué su 
la Fig. 1 
dissolution 
Pacidité du milieu 


On remarque donc une réaction 


Comme elle Vindique. la vitesse de 

décroit avec la diminution de 
L’ion sulfate n’a été décelé 
en aucun cas. 


qui suit: 
(1) ZnS 2H Zn H.S 


A part de cette réaction, on en a une autre 


gui conduit a la formation du soufre libre: 
(2) ZnS + 2H O — Zn S H.O 


Comme la formation du soufre libre était 
négligeable, on admet que la premiere réaction 
est prédominante sous les conditions des ex- 
périences. On n’arrive pourtant pas a décidet 
si la formation du soufre libre est attribuable 
a loxydation de lhydrogeéne sulfuré, formé pat 
la premiere réaction, ou a Voxydation directe 


du minéral. 


hr 


mg 





= oe 
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> j 
~ 
Y 

= | | 
vo | 
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= | — — — 
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pH 
Fig. 1. Vitesse de dissolution de la sphalérite 


en fonction du pH (expériences effectuées 
avec barbotage d’air de 400 ml./min.). 
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Fig. 2. Variation de concentration de Zn** en 
fonction de la durée du traitement. 
Trait plein: expérience effectuée avec l’intro- 
duction de lair 
Trait discontinu : 
introduction de lait 


expérience effectuée sans 


I] faut qu’on tienne compte de la granulo- 
métrie de léchantillon utilisé dans cette ex- 
périence, lorsqu’on compare ce résultat avec 
celui des expériences exposées ci-aprés qui ont 
été effectuées avec léchantillon plus fin. 

Effets du Barbotage de I’Air.- I] faut qu’on 
sache d’abord si loxygene barboté agit en 
oxydant du minéral et de lhydrogene sulfuré, 
ou simplement en entraineur de celui-ci. A cet 
effet, deux expériences ont été entreprises: 
Pune, avec introduction de lair, dont le débit 
était de 0,41. min., et Pautre, sans introduction 
de lair. Dans la derniére expérience, lair ne 
se comportait pas en entraineur, et cela ne 
signifie pas lexpulsion entiere de l’oxygéne. 
Les deux ont été effectuées en milieu d’acide 
chlorhydrique 0,01 N et a la température de 
50°C. Dans la Fig. 2, on dessine la concentra- 
tion de zinc en fonction de la durée du traite- 
ment. Comme on voit dedans, deux courbes, 
correspondant chacune aux deux expériences 
décrites ci-dessus, s’'approchent lune de l'autre 
au début de la dissolution, cependant, elles 
séloignent rapidement avec le temps. La dif- 
férence des deux expériences peut s’expliquer 
par laccumulation de IWlhydrogéne  sulfuré. 
Cette supposition sera trés compréhensible, si 
l'on admet que le barbotage de lair, entrainant 
avec celui-ci ’hydrogene sulfuré formé, favorise 
une dissolution remarquable du minéral. En 
fait, sans introduction de lair, la teneur en 
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hydrogéne sulfuré a atteint une valeur de 2,1 
mg./l. au bout de 2 hr. de traitement. 

Examinons ensuite la possibilité de l’oxyda- 
tion de ’hydrogéne sulfuré par l’oxygéne dis- 
sous. Si la réaction d’oxydation de ce composé 
s’avan¢ait avec une vitesse considérable, l’em- 
péchement de la dissolution n’aurait pas lieu, 
tout au moins, pendant un certain temps, car 
la liqueur contenait 5,0mg./l. d’oxygéne dis- 
sous avant l’addition du minéral. Au bout de 
2 hr. de traitement, on a trouvé une con- 
centration de zinc de 9,3 mg./I., correspondant 
a la formation de Ilhydrogéne sulfuré de 4,8 
mg. 1. Ce chiffre ne suffit pas a consumer 
entierement l’oxygéene dissous, méme si l"hydro- 
gene sulfuré soit complétement oxydé en soufre 
libre par Voxygene contenu dans la liqueur. 
D’ailleurs la surface de la liqueur étant toujours 
en contact avec l’atmosphére, il n’y a aucune 
raison de croire que l’accumulation de l’hydro- 
gene sulfuré a été causée par manque d’oxygene 
libre. 

Par suite de ces considérations, on conclut 
que loxydation de Vhydrogéne sulfuré par 
l’oxygeéne libre s’avance tres lentement, et que 
hydrogéne sulfuré ralentit la décomposition 
de la sphalérite, méme en présence de l’oxy- 
gene atmosphérique. II va sans dire qu’a l’état 
d’équilibre, la présence de l’hydrogéne sulfuré 
n’est pas compatible avec celle de l’oxygéne 
libre. Le systeme réalisé par les expériences 
était hors de léquilibre, comme l’indique la 
co-présence de I’hydrogéne sulfuré et de l’oxy- 
gene. La théorie de l’équilibre chimique ne 
sera pas tres utile a expliquer le mécanisme 
des réactions qui ont lieu au cours du traitement. 

Calculons ici le produit de concentration de 
zine par celle dion sulfure avec les chiffres 
qu’on a obtenus sur l’expérience effectuée sans 
introduction de lair, au bout de 2 hr. de 
traitement : 


[Zn?*] =9,3 mg./l.= 1,4 x 10-‘* mol./1. 
[HS] = 2,1 mg./1. = 0,62 x 10-4 mol. /1. 
Comme [H*)}°(S*-]/[(H.S] =10-*', ot [H*] 
10-*, on a: 
(S?- ] =0,62 x 10-7! mol./1. 
donc, 
[Zn**|- [S*~ | —0,87 x 10 


Cette valeur est beaucoup moins grande que 
le produit de solubilité de la sphalérite: 10 

On notera ici que la vitesse de dissolution du 
minéral est déja trés ralentie sous cette condi- 
tion. 

Effets des Ions Fe’*.—-Cet essai s'est fait a 
50°C, en milieu d’acide chlorhydrique 0,01 Nn, 
avec l’introduction de l’air dont le débit était 
de 0,41./min. On a préparé une _ solution 
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étalon de Fe’* en dissolvant du chlorure de 


fer(I1) hydraté dans Jlacide chlorhydrique 
0,01 N. Elle contenait 1,000 mg./l. de Fe 


Les ions Fe** exercent une action particuliére 
sur la dissolution du minerai sulfuré, dans ce 
cas ils se réduisent en ions Fe Une solution 
qui est en contact avec un gisement de mine- 
rais sulfurés trouve son fer presque enti€rement 
a l'état divalent. Les ions Fe se forment 
dans la nature par l’oxydation des ions Fe 
au moyen de l’oxygéne atmosphérique. On a 
effectué ces expériences en prenant le mécanisme 
de la formation des ions Fe dans la nature 
en considération. Par lintroduction de lair 
dans une solution contenant des ions Fe’*, on 
a essayé de reproduire en quelque sorte la 
formation des ions Fe On avait déja noté 
que l’action des ions Fe’* et de l’oxygéne 
atmosphérique favorisait une forte dissolution 
de la chalcopyrite, et on l’avait attribué a la 
formation des ions Fe 

On montre sur la Fig. 3 un exemple tiré 
des expériences: la présence des ions Fe 
ralentit considérablement la dissolution du zinc. 
Méme une teneur en ions Fe°* a 100 mg./I. 
produit le méme effet, comme on voit sur la 
Fig. 4. Lorsqu’on dit vitesse de dissolution, il 
s'agit toujours de celle qui est mesurée a l'état 
stationnaire de dissolution. Ce résultat ne 
s’accorde pas avec celui de la chalcopyrite. 





l. 


mg 
+) 


Concentration de Zn- 





Durée du traitement, min. 


Fig. 3. Variation de concentration de Zn-* en 
fonction de la durée du traitement. 
Trait plein: en l’absence des ions Fe* 
Trait discontinu: en présence de 1.000 mg. /I. 
de Fe** 


4) M. Ichikuni, Ce Bulletin, 33, 1159 (1960). 
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Effets des Ions Fe’*.—Cet essai a été effectué 
a 50°C, en milieu d’acide chlorhydrique 0,01 N, 
avec l’introduction de l’air, dont le débit restait 
toujours le méme que les essais précédents. 
La solution étalon de Fe a été préparée a 
partir du chlorure de fer(III) hydraté. On 
en a dissous dans l’acide chlorhydrique, de 
maniéere a ce que la solution contienne 100 
mg./l. de Fe 

La réaction entre la sphalérite et des ions 
Fe** est exprimée par l’équation suivante 


(3) ZnS + 2Fe**+ — Zn*’ S + 2Fe 
ou la dissolution de 1 mol. de zinc correspond 
a la réduction de 2mol. de Fe en Fe 


L’examen du résultat d’expériences, montré 


hr. 


mg. 


500 1000 


Vitesse de dissolution du zinc, 


Concn. de Fe**, mg./I. 


Fig. 4. Vitesse de dissolution de la sphalérite 
en fonction de la concentration en ions Fe- 
de la liqueur. 
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Fig. 5. Dissolution de la sphalérite par l’action 


des ions Fe 

Trait plein: 
et defer réduit 

Trait discontinu: concentration théorique de 
zinc, calculée a partir de la concentration 


concentration de zinc dissous 


trouvée de Fe? 
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sur la Fig. 5, révele que la quantité dissoute 
de zinc est toujours supérieure a la quantité 
théorique de zinc, calculée d’aprés la réaction 3 
a partir de Ja quantité trouvée de Fe**. Il 
est certain qu’une partie de zinc a été dissoute 
d’apres la réaction 1, ot l’hydrogéne sulfuré 
a été partiellement entrainé par le courant 
d’air, sans étre oxydé en soufre libre par l’action 
des ions Fe 

Effets des lons Cu’*.—Il est bien connu que 
les ions de métaux lourds, notamment Cu**, 
jouent un role de catalyseur dans de diverses 
réactions. Comme les ions Cu se trouvent 
tres fréquemment dans les eaux de mine, il est 
probable contribuent d’une_ certaine 
maniere a l’accélération ou a la retardation des 


quwils 


réactions de désagrégation. 
Bien que laction des ions Cu*~ ait été remar- 

la connaissance 

Le comportement 


quée par certains chercheurs 
en est encore peu suffisante. 
des ions Cu 


mettra de 


trouve dans cette expérience per- 
révéler la fonction quils exercent 
dans la désagrégation. Cet essai a été effectué 
sous les mémes conditions que les précédents, 


sauf la présence des ions Cu qui ont été 


ajoutés saus forme du sulfate. 
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Fig. 6. Influence des ions Cu-* sur la dissolu- 

tion de la sphalérite 


La vitesse de dissolution du zinc a été 
mesurée dans des solutions de diverses teneurs 
en Cu La Fig. 6 représente le résultat de 
Les ions Cu°* ralentissent la dissolu- 
Une variation faible de concentration en 
Cu révélé qu’une petite portion de Cu 
avait disparu au cours de l’expérience. La 
diminution en a atteint 0,5 mg. Il. pres au bout 
de 2 hr. de traitement. Le cuivre aurait 


précipité sous forme du sulfure, dont la for- 


lessal. 
tion. 


5) S. Koch et Gy. Grasselly, Acta Univ. 
Acta Mineral. Petrog., 6, 23 (1952) 


Szegediensis 
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mation est attribuable au dégagement de I’hydro- 
gene sulfuré, libéré par la décomposition du 
minéral. Toutefois la quantité fixée de cuivre 
était tres faible par rapport a celle d’hydrogene 
sulfuré formé. On peut en déduire que la 
condition oxydante défavorise la fixation du 
cuivre, méme en présence des ions sulfure. 
Comme le cuivre ajouté restait presque entiére- 
ment a l’état dissous, on admet qu’une réaction 
d’échange du zinc avec le cuivre n’avait pas 
lieu. Si la réaction d’échange intervenait, il y 
aurait une tendance d’augmenter la_ vitesse 
de dissolution a mesure que la concentration 
en Cu augmente. 

Or, généralement dit, des solutions formées 
dans la zone d’oxydation du gisement des 
minerais sulfurés contiennent encore d'autres 
ions que les ions Cu La caractéristique des 
solution est donc la co-présence de divers ions, 
tels que des ions Fe*t, Fe°*, Cu‘*, Mn et 
ainsi de suite. L’action des ions Cu°* devrait 
étre examinée en présence d’autres ions, notam- 
ment des ions de fer. 

Effets des Ions Fe’* et Cu’*.—Il est bien 
connu que les ions Fe sont efficaces a la 
décomposition des minerais sulfurés, mais il n’y 
a presque aucune étude sur la contribution des 
ions Cu’* a ce phénomeéne. Seulement Garrels 
et Thompson’? ont mentionné que lattaque 
contre la pyrite n’était pas 
accélérée par la présence des ions Cu-~. On 
a entrepris ici un dissolution de la 
sphalérite au moyen des ions Fe 
des ions Cu et en acomparé le résultat avec 
celui de l’essai précédent qu’on avait effectué 


des ions Fe 


essai de 
en présence 


| 
\ 


> Y 


mg 


Concentration, 


64 90 l 
Durée du traitement, min. 


Fig. 7. Effets des ions Cu** sur la dissolution 
de la sphalérite par l’action des ions Fe 
Trait plein: expérience effectuée en présence 

de 5,25 mg./l. de Cu? 
Trait discontinu: expérience effectuée en 
l'absence des ions Cu* 


6) R. M. Garrels et M. E 
A, 57 (1960). 
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dans une liqueur contenant 100 mg./I. de Fe**, 
mais qui était exempte de cuivre. 

La Fig. 7 donne les résultats de cet essai et 
du précédent. On voit que la présence des 
ions Cu’* favorise une décomposition rapide 
de la sphalérite. On ajoute encore que la 
diminution de concentration en Cu n’avait 
pas lieu au cours du traitement, tant que les 
ions Fe’~* restaient en solution. 

Effets des lons Fe’* et Cu’*.—Les résultats des 
essais précédents nous ont conduit a l’entreprise 
d’un autre essai mis sous les conditions qui ne 
sont das trop éloignées de celles de la nature. 
En considérant les eaux de mine, ot les ions 
Fe sont prédominants dans la plupart des 
cas, On a imaginé que l’essai de la dissolution 
en présence des ions Fe et Cu’** réaliserait 
les réactions réelles dans la nature. 
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Fig. 8. Vitesse de dissolution de la sphalérite 


en présence de 700 mg./!. de Fe** et de quantité 


variable de Cu 


La Fig. 8 montre le résultat. Dans cette 
série d’expériences, la concehtration de Fe 
était fixée 4 700 mg./!. et cellé de Cu’* variait 
de 0,53 a 10,5 mg./l. La concdntration de Cu 
a diminué tres lentement au| cours du traite- 
ment. La diminution s’en est élevée a 0,5 
mg./l. pres au bout de 2 hr. de traitement. 
Toutefois on a remarqué une} dissolution ac- 
célérée de la sphalérite, tant |que lion cuivre 
restait en solution. On discutera plus loin le 
mécanisme possible de ce phénomeéne. 


Discussion 


C’est le pH du milieu qui exerce une grande 
influence sur la décomposition du minéral, sans 
gu’on tienne compte des effets électrochimiques 
provenant du contact avec d’autres minéraux. 
Si le minéral existait indépendamment d’autres 


minéraux, il resterait assez stable en milieu 
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neutre méme en présence de l’oxygéne atmos- 
phérique. 

La présence de l’oxygéne libre et des ions 
Fe** nest pas capable d’accélérer sa décom- 
position, c’est que l’oxydation des ions Fe** 
en ions Fe°~ s’avance trés lentement avec l’oxy- 
gene libre. Si les ions Fe étaient formés 
rapidement a partir des ions Fe** par l’action 
de loxygéne, lintroduction de lair rendrait 
la décomposition du minéral d’autant plus facile 
que la teneur en ions Fe’* de la liqueur est 
plus grande. 

Les ions Cu 
ne sont pas tous seuls capables d’augmenter 
la vitesse de décomposition du minéral. par 
conséquent on ne peut pas attendre une réaction 
d’échange du zinc avec le cuivre. II est intéres- 
sant que les ions Fe°* ainsi que les ions Cu’*, 
loin d’accélérer la désagrégation de la sphalé- 
rite, la retardent considérablement. Ce phéno- 
mene offre des problemes importants a la 
géochimie des gisements métalliféres. 

L’action des ions Fe®* avait été bien étudiée, 
mais on a trouvé ici, pour la premiere fois, 
qu'une petite quantité de cuivre accélérait la 
réaction entre le minéral et les ions Fe 
Toutefois les produits de réaction étaient 
toujours les ions Zn°’* et le soufre libre en 
miteu acide, indépendamment de la présence 
du cuivre. On considére pour le moment le 
cuivre comme catalyseur. 

On a eu ainsi l’idée d’examiner la dissolution 
du minéral en présence des ions Fe** et Cu 
avec introduction de lair. Si ces ions se 
comportaient indépendamment les uns des 
autres, ils en retarderaient la dissolution. 
Mais, au contraire, leur co-présence y était 
efficace. Ce fait insiste qu'il y a une interac- 
tion entre les ions Fe°*, Cu’* et l’oxygene. 
Il est probable que les ions Cu’* facilite ’oxy- 
dation des ions Fe*~ en ions Fe’* par loxygene 
atmosphérique. Ils accélerent également lat- 
taque des ions Fe** contre le minéral. 

On conclut donc que la présence des ions 
Cu°* est indispensable a une décomposition 
rapide de la sphalerite, et que les ions Cu 
Toutefois 


~, agissant souvent en catalyseur, 


jouent ici un role de catalyseur. 
des composés insolubles de cuivre n’en sont pas 
capables. On ajoute encore que, malgré l’action 
catalytique du cuivre, une formation abondante 
d’ions Fe** n’aura pas lieu, le rapport Fe Fe 

étant réglé par le potentiel d’oxydo-réduction du 
milieu, par conséquent on ne peut pas attendre 
une dissolution mineral, tant que 


les réactions se passent en solution 


rapide du 


Résumé 


Les facteurs intervenant a la decomposition 


chimique de la sphalérite ont été examinés. Un 
notamment le 


petit pH ainsi que Vloxydant, 
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fer trivalent accélérent la décomposition. La 
présence de l"hydrogéne sulfuré la retarde con- 
sidérablement. A pH 2, celle des ions Fe 

ou des ions Cu empéche une dissolution 
rapide du minéral, méme avec l’introduction 
de lair. La décomposition du minéral par 
les ions Fe’* est accélérée par les ions Cu 

La co-présence des ions Fe’* et Cu’* favorise, 
avec le barbotage de Il’air, une dissolution re- 
marquable du minéral, ce qui est attribuable 
a l'action catalytique des ions Cu’* qui facili- 
tent probablement loxydation des ions Fe 
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en ions Fe°’*, et l’attaque de ceux-ci contre le 
minéral. 


Les auteurs se permettent d’exprimer leur 
remerciements sinceres 42 Monsieur le professeur 
K. Noguchi et a Monsieur le professeur T. 
Hanya qui ont bien voulu donner des conseils 
utiles et participer a la discussion sur l’inter- 
prétation des résultats. 
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Physicochemical Studies on Cobalt Salts of Higher Fatty Acids. I. 
Preparation of Cobalt Soap by Metathesis 


By Hirotaro KAMBE* 


higher 
netal snaps, can be made 
fatty acid 
such as 


Heavy metal salts of 
usually called heavy 
by a substitution reaction 


and the salt of weak 


upper petroleum ether layer became blue as 
the formed cobalt soap dissolved into petroleum 
They 


between 
ether. 





inorganic acid 
acetate. In place of inorganic salts, oxide or 
hydroxide may be These reactions can 
be accelerated by fusing the reactants. This ts 
the principle of the fusion method, which is 
commonly used as a means of preparation of 
heavy metal soaps. 

Cobalt soap may be prepared by the fusion 
method. The melting of fatty acid with cobalt- 
(II) acetate or cobalt(II) hydroxide is followed 
by the reactions: 


Co(CH,COO) 
Co(RCOO) 
2RCOOH 


used. 


2RCOOH 
2CH;COOH 


or Co(OH) Co(RCOO), -2H.O 


The cobalt soap made by the fusion method 
is not crystalline powder, but a glassy mass. 
Molten cobalt soap is easily oxidized and often 
becomes dark on prolonged heating in air. 
For these reasons we have concluded that the 
fusion method is not suited for preparing pure 
cobalt soap. 

With water soluble salts of weak acid, fatty 
acid may react in solution. Kaufman and 
Liissling’? reported that when they shook a 
solution of fatty acid in petroleum ether with 


Aeronautical Research Institute, 
the University of Tokyo, Meguro-ku, Tokyo 

1) H. P. Kaufmann and Th. Liissling, Fette und Seifen, 
55, 90 (1953) 


Present address 


obtained cobalt oleate by this 
method. But our preliminary experiment has 
shown that it is difficult to prepare cobalt 
stearate with this technique, for the stearate is 
less soluble in petroleum ether than the oleate. 
When we use ethyl alcohol instead of petroleum 
ether as the solvent, the reaction advances very 
smoothly in a homogeneous solution and 
crystalline cobalt stearate powder can be pre- 
pared. This may be another means of preparing 
cobalt soap, as is shown later. 

Water soluble inorganic salts, either of weak 
acid or of strong acid, react instantaneously 
with alkaline soap. This type of reaction is 
double decomposition or metathesis. 
Metathesis is most important in preparing 
metal soaps, and it is the basis of the so-called 
precipitation method. The made by 
metathesis are generally crystalline powder. 

In the case of cobalt soap, cobalt(II) chloride, 
nitrate, sulfate, and acetate may be used as 
inorganic salts in metathesis. Reactions be- 
these and sodium or potassium 


called 


soaps 


tween soap 


(Received February 24, 1961) 
fatty acids, an aqueous solution of cobalt(II) acetate, the 


would proceed readily in solution to form 
cobalt soaps. For example, 
CoClL, + 2RCOONa —~ Co(RCOO), + 2NaCl 
Kahlenberg’? has shown very long ago that 


metathetic formation of heavy metal soaps 


2) L. Kahlenberg, J. Phys. Chem., 6, 6 (1902) 


it 


ee 
<i CLL 
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could be carried out also in organic solvents. 
Koenig®? prepared many metal soaps, including 
cobalt soap, by metathesis in warm water. 
The soap thus formed was dried in an air oven 
at 115S~120°C for 10~12hr., and the glassy 
solid obtained was then pulverized. Koenig 
observed a color change from pink to blue 
when cobalt soap was heated. 

In Koenig’s method an aqueous solution of 
sodium soap is used, and at the lower con- 
centrations, alkaline soap may be hydrolyzed 
to free acid, which will contaminate the soap 
being formed. Whitmore and Lauro” proposed 
a method for preventing the hydrolysis of 
alkaline soap by the addition of ethanol to 
the solution. 

Although Whitmore and 
prepare cobalt soap in _ this have 
examined this method in detail and found 
that besides common pink hydrous cobalt soap, 
blue anhydrous and red hydrous soaps may be 
formed according to conditions. In this part 
of the study, metathetic preparation of cobalt 
investigated, and particularly the 
effects of several factors on the color of the 
soap being formed were discussed. 


Lauro did not 
way, we 


soap was 


Experimental 


Materials.—-Furty Acids.—Stearic, palmitic, myri- 
stic, and lauric acid were fractionally distilled pro- 
made by Nihon Yushi Co., and were 
recrystallized from absolute ethanol. 
Solvents.—Ethanol and methanol were dehydrated 
and distilled over anhydrous calcium oxide. Ace- 


dehydrated by potassium carbonate 


ducts, 


tone Was 
anhydrate. 
Cobalt( 11) Salts.—Cobalt chloride, CoCl.-6H:,O, 
nitrate, Co(NO,).-6H.2O, sulfate, CoSO;-7H.O, and 
acetate, Co(CH;COO).-4H.O were chemically pure 
reagents and were recrystallized from wa 2r._ These 
salts, except sulfate, are very deliquescent, and they 
were used with some water. 
Metathesis.—The following standard 
was adopted to control experimental factors 


procedure 


i) Fatty acid, mostly stearic acid, was dissolved 
n absolute ethanol by warming in a constant tem- 
Water-bath at 60C, and 
alkaline solution, with 
The alkaline solution used 


neutralized 


phenol- 


perature 
exactly by an 
phthalein as indicator. 
vas usually 0.15 N potassium hydroxide solution in 
water or in ethanol. If necessary, some amount 
of either solvent was added to the alkaline soap 
solution to control the ratio of the volume of 
solvent (ethanol in this case) to that of water in 
the system; this is called the solvent ratio here- 
after. When this ratio is comparatively low, the 
alkaline soap solution becomes turbid by hydrolysis 
of the soap. In such cases the reaction products 
end to contain free fatty acid, which may be ex- 
} 


tracted. however, by acetone, as is shown below 


3) A. E Koenig, J 4m. Chem. Soc %. 951 1914 
4) W. F. Whitmore and M. Lauro, Ind. £ ( 
646 (1930) 


” ?? 
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ii) An excess of cobalt salt, mostly cobalt 
chloride, was dissolved in the same water-bath in 
water, or, if necessary, in pure or aqueous ethanol. 
The solution of cobalt chloride in water is con- 
siderably acidic, and also the solution § after 
metathesis becomes slightly acidic. It is natural 
for the soap made in this way to contain some 
free fatty acid. When cobalt acetate is used instead 
of chloride, the solution is not so acidic that free 
acid is not included in the soap, as was pointed 
out by Whitmore and Lauro”. 

ili After both solutions were warmed to 60°C, 
a cobalt salt solution was stirred into the alkaline 
soap solution little by little. As cobalt soap ts 
almost insoluble in the solution, it precipitated 
immediately. The reaction must be carried out 
always below 60 C, because above this temperature 
the reaction products become somewhat bluish. 

he color of soap in the solution was observed 
directly after the reaction and also after having 
been left in the solution for some time with or 
without stirring. The alkaline soap solution, which 
had at first shown a pink color due to phenol- 
phthalein, became blue after the addition of a 
little of the cobalt salt solution because cobalt ion 
shows a blue color in ethanol. When the whole 
salt solution was added, the color of the solution 
faded generally, and pink soap precipitated. 

(iv) The precipitates were filtered off by suction, 
washed by absolute ethanol to remove free fatty 
acid, and dried overnight in a vacuum desiccator 
over calcium chloride anhydrate at room tempera- 
ture. The color of the soap was preserved during 
drying in this way. The dried soaps were pulverized 
by an agate mortar. Free fatty acid was extracted 
with acetone over anhydrous potassium carbonate 


in a Soxhlet extractor. 


Results and Discussion 


As a preliminary experiment, the colors of 
cobalt soaps formed at various solvent ratios, 
based on volume, were observed in the solution 
without stirring. 

In pure ethanol, the yield of 
little. As metathesis is an 
natural that the reaction is 
which degrees of 
ionization of reactants are low. A solution of 
pure ethanol is blue, and 


cobalt soap 


was very ionic 


reaction, it is 
suppressed in a solvent, in 


cobalt chloride in 
metathesis in this solvent proceeded in a blue 
solution. But the reaction product was not 
blue; it seemed dark blue at first, anc 


pale violet after being left in the 


pure 
became 
solution. 

In pure water, the 
when dried, it gained a tinge of blue. If the 
1, the color of 
pure water. 
ratio exceeded 1:1, although the 
formed soap was also pink at the beginning, 
often small blue particles grew overnight 
within pink precipitates. Sometimes the whole 
soap turned blue in a short time, less than an 


product was pink, but 


solvent ratio was lower than 1: 
the formed soap was pink as in 
When the 
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hour. These color changes were most rapid at 
a solvent ratio somewhat higher than 1:1. 

Effect of Stirring.—As stated above, some- 
times blue soap grew in addition to pink soap in 
the solution when it was left without stirring. 
First, we examined the effect of stirring on 
this color change. 

In a standard procedure with the 
ratio 5:1, pink soap turned blue’ without 
stirring, even if very slowly, but the color 
changed in Ihr. with stirring. If some blue 
soap powder, prepared previously, was added 
to the solution, the color change was completed 
in 15 min. 

When the solution was kept at 60°C after 
reaction, the color did not change even after 
lhr., but if it was taken out from the water- 
bath and cooled by stirring, the color began 
to change immediately and turned perfectly 
blue in 25 min. 

From these facts, it is concluded that the 
blue soap has grown from pink soap. The 
addition of some blue soap advances the color 


solvent 


change remarkably, for added soap powder 
forms nuclei for color change. At 60°¢ 
spontaneous occurrences of nuclei are sup- 


pressed, and the color change is not observed. 
Below 60°C nuclei of blue soap would appear, 
but they grow so slowly without stirring, that 
the color change proceeds locally and hetero- 
geneously, and as a result small blue particles 
appear within pink precipitates. Therefore, to 
change color completely, cooling the solution 
by stirring is absolutely necessary. 


TABLE I. EFFECT OF THE SOLVENT 


Solvent ratio 


System No. : 
, based on volume 


[Voil. 34, No. 12 


The bubbling of air into the solution did 
not alter the speed of color change. Closing 
the vessel and stirring by a magnetic stirrer 
also did not influence the effect. It is evident 
that oxidation is not a cause of color change. 

Effect of Solvent Ratio.—-Next we examined 
again the effect of the solvent ratio on the 
color change, but with stirring. 

Stearic acid (2g.) was dissolved in ethanol 
and or water (250ml.) and neutralized by 
0.15 N potassium hydroxide in ethanol or water 


(about 50ml.). The solution was mixed at 
60°C with cobalt chloride in ethanol and, or 
water (SOml.), with various solvent ratios, 


The time needed to 
The results are shown 


and cooled by stirring. 
turn blue was observed. 
in Table I. 

In series I, with larger solvent ratios, the 
colors of the products seemed violet or pale 
blue from an early stage. They did not readily 
turn blue and contained some white powder 
of potassium soap. Below the ratio 6:1, pink 
soap was formed at the beginning and changed 
blue soon, as stated before. 

In series II, which contained more water 
than series I, the speed of the color change 
became larger with the lower solvent ratio. 
Sometimes blue soap turned violet soon and 
became red overnight. The red cobalt stearates 
formed in these systems are completely dif- 
ferent in appearance from pink soaps formed 
directly after the reaction. When dried, they 
can be pulverized very easily. in contrast to 
plastic pink soaps. 


RATIO ON THE COLOR OF COBALT SOAPS 


Color of product 





I (pure ethanol Biuish precipit. in blue soln., mixed with white K soap 
2 ~~. 3.4 Pale violet, turned blue in 2.5hr., mixed with K soap 
Series I 3 - «7 Violet, turned blue in 60 min., mixed with K soap 
4 ) l Reddish, turned blue in 60 min. 
5 6 l Pink, turned blue in 60 min. 
6 5 | Pink, turned blue in 30 min. 
7 - l Pink, turned blue in 15 min., violet in 60 min., red 
overnight. 
Series I 8 I Pink, turned blue in 15 min., violet in 40 min., red 
overnight. 
9 re Pink, turned blue in 30 min. 
10 Ce Dae Pink, turned blue in 25 min. 
11 I Pink, turned blue in 10 min., red overnight 
Series II z ho I Pink, turned blue in 5 min., red overni 
oe Pink, turned blue in 10 min., red overnight 
! | Pink, turned red overnight. 
haa Pink, turned red overnight. 
Series IV ! | 2 Pink, turned red overnight 
17 Rs S-2 Red, yut change. 


tn 


Red, without change. 
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In series III, with the greater water content, 
the speed of the color change became very 
rapid, and at the solvent ratio of about 1.5: 1, 
it was at a maximum. The products turned 
completely red overnight. 

The last series, where the solvent ratio is 
lower than 1:1, was very different from the 
preceding series. In this series soaps did not 
change blue, however long stirred, but became 
red gradually. The systems which contained 
the most little amount of ethanol were red 
rather than pink from the outset. It was hard 
to dry them in vacuum, for they contained a 
large amount of water. 

Together with the other results obtained, 
the following facts were confirmed: 

(1) The color of the product is determined 
by the solvent ratio after mixing. The addition 
of either solvent to the solution after reaction 
did not affect the color. 

(ii) If the resultant solvent ratio is the 
same, the compositions of the reactant solutions 
are indifferent to the color of the product. 

(iii) The extent of excess of cobalt chloride 
over stearic acid and the order of mixing 
solutions did not significantly affect the color 
of the soap formed. 

(iv) The speed of the color change from 
blue to red de-ends on the solvent ratio and 
the time of stirring. Blue soap always turned 
red if it was left in solution for long a time. 

Effect of Degree of Neutralization.—In these 
experiments, the solution of stearic acid was 
exactly neutralized by an alkaline solution. 


Next we examined the effect of the degree of 


neutralization on the color change of cobalt 
soap. 

At the ratio 1:2, when exactly 
neutralized, the cobalt soap did not change 
blue, though it later became red. If the amount 
of added alkaline solution was varied between 
60 and 140%. of the equivalent, different effects 
When the system was insuf- 
ficiently neutralized, the products became red 
sooner and contained much free fatty acid. 
When the added alkali was more deficient, the 
color change became slower. However, when 
an excess of alkali was added to the system, the 
product became violet. When there is a large 
excess of alkali, the reaction would not readily 
proceed because, as will be discussed in the next 
part, the cobalt soap may be decomposed to 
free acid by the presence of much alkali. 

At the solvent ratio 2:1, when exactly 
neutralized, the formed pink soap soon became 
blue with stirring and later turned red in the 
solution. But when alkali was added in excess, 
a color change from pink to blue was not 
observed and the soap turned red at last. On 
the contrary, when alkali was insufficient, the 


solvent 


were observed. 
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speed of becoming blue was more rapid. When 
the degree of neutralization was lower, the 
color change became quicker, although the 
yield was smaller. 

As well as adding insufficient alkali to the 
fatty acid solution, the addition of hydro- 
chloric acid to the cobalt chloride solution had 
the same effect on color change. But after the 
forming of the pink soap, the addition of 
hydrochloric acid was not effective. 

From these results it is concluded that the 
solution must be acidic at mixing for realizing 
the color change. 

Effect of Using Other Solvents than Ethanol. 

Throughout the preceding experiments, the 
solvent was a mixture of ethanol and water. 
Next we used acetone and methanol in place 
of ethanol. Any solvent which dissolves fatty 
acid may be used, but when the solvent does 
not mix with water, as the petroleum ether 
used by Kaufmann and Liissling'’, the procedure 
becomes somewhat difficult. With methanol 
or acetone, metathesis could be carried out as 
with ethanol. In particular, when the solvent 
ratio was lower than 1:1, only pink soaps 
were formed. With these solvents, even if the 
solvent ratio was higher than 1:1, the blue 
soap could not be obtained. But when acetone 
was used, the formed soap became red quickly. 

Effect of Using Other Cobalt Saits than 
Chloride. Instead of cobalt chloride we tried 
to use other cobalt salts. Cobalt nitrate and 
sulfate may be used in the same way as chlo- 
ride. But cobalt acetate showed somewhat 
different effects. 

Cobalt acetate may react directly with stearic 
acid in aqueous ethanol. In this substitution 
reaction, when the solvent ratio is 2:1, the 
color changed blue and subsequently turned 
red. But at the ratio 1:2, the color did not 
change at all. 

The color change was suppressed markedly 
by the addition of alkali. If the fatty acid 
was exactly neutralized, that is, in metathesis, 
the formed pink soap did not change blue in 
any solvent ratio. 

At the solvent ratio 2:1, 
by metathesis turned blue in 60min. with 
cobalt chloride, in 30 min. with cobalt nitrate, 
in 20min. with cobalt sulfate, and never with 
cobalt acetate. 

In a substitution reaction with cobalt acetate, 
the addition of alkali suppressed markedly the 
color change to blue. The substitution reaction 
could be carried out between cobalt acetate 
and stearic acid with acetone in place of ethanol. 

However, when acetone was used, with the 
solvent ratio 2:1, pink soap turned blue, even 
if very slowly, but perfectly blue soap was not 
obtained. 


pink soap made 
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Effect of Using Other Fatty Acids than Stearic 
Acid.—Other cobalt soaps may be prepared by 
metathesis in the same way as stearate. In 
place of stearic acid, palmitic, myristic, and 
lauric acid were used. 

These reactions proceeded just the 
way as with stearate. The color changes were 
also observed, but the speed of color change 
from pink to blue becomes slower, as_ the 
chain length of fatty acid decreases. The 
laurate could not turn blue under the same 
conditions. 

The time for turning blue with the solvent 
ratio is tabulated in Table II. These reactions 
were obtained by stirring the solutions at 45°C 
for 1 hr. and later leaving them in the solution 
without stirring. The solutions were slightly 


same 


acidic. 


TABLE Il TIME FOR TURNING BLUE OF PINK 


COBALT SOAPS 


Solvent ratio Ah: re Se Pe ae es 
Cobalt stearate 1S min. 10min. 
Cobalt palmitate 2days I~2hr. 


Cobalt myristate 4~Sdays_ I day 


Cobalt laurate 


Did not become blue 


Summary 


As a method of preparation of cobalt soap, 
metathesis between alkaline soap and cobalt 
salt was investigated. 

Cobalt stearate, palmitate and myristate were 
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obtained in pink, blue and red forms according 
to conditions. Cobalt laurate in blue form 
was not observed. 

Metathetic products were always pink at the 
beginning. If the system has a solvent ratio 
(solvent to water) higher than 1:1, and the 
solution after mixing is acidic, the color of soap 
will turn blue with stirring. It will change 
red later when left in the solution. The blue 
form could not be obtained with acetone or 
methanol as a solvent. 

The speed of the color change became con- 
siderably slower with fatty acid of a shorter 
chain length. 

In substitution reaction between stearic acid 
and cobalt acetate with a solvent ratio higher 
than 1:1, the same color changes were observed. 
But in this system the addition of some alkali 
suppressed markedly the color change, and at 
an exactly neutralized metathetic reaction the 
soap did not turn blue. Even in this case, 
when acetone was used instead of ethanol, the 
color change was observed, but the speed was 
very slow. 


The author expresses his gratitude to Pro- 
fessor Bunnosuke Yamaguchi for his advice 
throughout this work and to Messrs. Itaru Mita, 
Hirokazu Watanabe and Hiroshi Kayano for 
their assistance in experiments. 
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Cobalt 
between a 
univalent fatty acid anions 
composition of cobalt stearate is ideally expres- 
sed by Co(C;-H,-COO) 

Oudemans'? and Caspari 


soap is generally a neutral salt 
bivalent cobalt cation and two 
For example, the 


have pointed out 


that cobalt laurate is monohydrate Kauf- 
Present address Acronautical Research Institute 
the University of Tokyo. Meguro-ku. Tokvo 
1) A. C. Oudemans, J. prakt. Chem 1), 89. 206 (1863 


2) C. E. Caspar 4m. Chem. J.. 27. 310 (1902 


mann and Liissling’’ found that while, under 
some conditions, cobalt oleate was obtained as 
an acidic salt, Co(C,;-H;;COO).:(C;-H,-COO)., 
cobalt stearate was a neutral salt. 

In the 
was found that 
metathesis in aqueous ethanol showed three 
different colors, that is, pink, blue and red 


previous part of these studies’, it 


cobalt soaps obtained by 


3 H. P. Kaufmann and Th. Lissling. Fette u Sciter 
55. 90 (1953 
4) H. Kambe. This Bulletin, 34. 1786 (19 
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In the present part they will be analyzed. As 
a result, it will be ascertained that different 


colors are principally due to the difference of 


hydration of the cobalt soap. 


Experimental 


Materials.—Cobalt soaps are cobalt stearates, 
described in the previous paper?. Several specimens 
of each typical color were chosen from among 
many samples. 

Analyses.—Free Fatty Acid.—Free fatty acid was 
extracted from soaps by the use of acetone for | 
hr. with a Soxhlet extractor. The color of the 
soaps was not altered by extraction. Acetone was 
dehydrated by anhydrous potassium carbonate. A 
glass cylinder was inserted around a cylindrical 
filter paper in order to improve the circulation of 
the solvent The amount of free acid was deter- 
mined by evaporating the solution. The residue was 
dissolved in ethanol, and the solution was titrated 
by a standard alkaline solution. 

Combined Fatty Acid.—Cobalt soaps were decom- 
posed by boiling with 0.1. N sulfuric acid. Isolated 
fatty acid and unreacted soap melted and floated 
in a mass on the surface of the solution. The 
decomposition was continued until the molten mass 
became wholly colorless. 

Cobalt soap can be decomposed also by a 0.1 N 
alkaline solution. This method was not adequate 
here, however, because the solution foamed so much, 
that it was feared that unreacted soap might 
overflow the vessel 

The solution was cooled, and the seperated fatty 
acid was filtered off. The filtrate obtained in this 
process was used for determining the content of 
the cobalt. Fatty acid was dried on filter paper, 
dissolved in hot ethanol, and titrated by a _ stand- 
ard alkaline solution 

Cobalt.—The amount of cobalt was determined 
by several methods. i) Soaps were burnt to ashes, 
which were weighed as Co,O,;. (ii) Cobalt was 
precipitated from the solution as a complex salt by 
a-nitroso-3-naphthol. (iii) Cobalt was deposited on 
a platinum electrode electrolytically. i\ The 
cobalt solution was titrated by an EDTA solution 

Burning Method.—Cobalt soap was heated in a 
porcelain crucible by a Bunsen burner. Stearic 
acid was carbonized at first, and then the whole 
mass Was ignited and completely oxidized by strong 
heating. The residue was weighed as Co,Q,. 

a-Nitroso-3-naphthol Method. 


of hydrogen peroxide to the acidic solution of 


By adding an excess 


cobalt, cobalt ions were oxidized from bivalent to 
tervalent. The black cobaltic hydroxide precipita- 
ted from the solution by the addition of a sodium 
hydroxide solution The precipitate was dissolved 
gain by glacial acetic acid, and the dark brown 
solution obtained was diluted with some warm 
water and mixed with the solution of a-nitroso- 5- 
laphthol in acetic acid The reddish brown preci- 
pitate was filtered off, dried at 130 C. and weighed 


Ss (C;,HeONO).Co 


5) K. J. Mysels. H. H. Pomeroy and G. H. Smith 
Anal. Chem., 20, 878 (1948 


Composition of 


Cobalt Soaps 1791 


Electrodeposition Method.—Cobalt stearate (0.1 g.) 
was decomposed by 0.1N sulfuric acid (20 ml.), 
and the separated fatty acid was filtered off. The 
filtrate was concentrated to 10ml., ammonium 
sulfate (0.5g.) was added, and the solution was 
made alkaline with 0.1 N ammonia solution (40 ml.), 
and sodium bisulfate (0.02 g.) was added. With 
platinum plates as electrodes, the golden solution 
was electrolyzed with a current 0.2 amp. and 3.5 V. 
at 60°C for 8hr. The cobalt metal deposited on the 
cathode was weighed after drying in an air-oven 
at 110°C. 

EDTA _ Titration.—Cobalt. soap (30mg.) was 
decomposed by 0.3N hydrochloric acid (20mI.). 
The fatty acid was solidified to a mass. The 
solution was diluted to 70ml. by water, murexide 
(ammonium purpurate) was added as an indicator* 
and the solution was neutralized by 1N ammonia 
solution in some excess. The yellow solution was 
titrated by 0.01 Mm EDTA (disodium ethylenediamine 
tetraacetate), until the color of the solution became 
pink. The concentration of EDTA solution was 
calibrated by a standard cuprous nitrate solution. 


Water of Hydration.—Cobalt soaps had been dried 
in a vacuum at room temperature. Pink species 
gained a tinge of blue, but other soaps did not 
change their colors substantially in this process. 
Their colors did not change during storage in an 
ambient atmosphere. 

Inorganic cobalt salts contain some water of 
hydration, some of which could not be removed in 
the vacuum. It is possible for cobalt soaps to have 
such a tightly combined water of hydration. The 
water content was determined (i) by a Karl- 
Fischer reagent and (ii) by weighing after heating 
in a vacuum 

Karl-Fischer Titration From among the several 
methods of this technique, the inverse dead-stop 
method with titrometer was carried 
out”. The titration vessel was equipped with a 
draining cock, as proposed by Campbell 


‘magic eye” 


The standard methanol used was an extra pure 
the water 
by volume The 


reagent, made by Takeda Chemicals Co., 
content of which was about 0.5 
Karl-Fischer reagent was prepared as usual”? and 
calibrated by sodium acetate trihydrate 

The cobalt soaps did not dissolve, but were well 
dispersed in mixtures of methanol and pyridine, 
which were basic solvents of the reagent. However, 
because the soap was powder, it was difficult to 
place it in titration vessel. This was the main 
origin of errors 

Dehydration in Vacuum at Heating.—The decrease 
of weights was measured by a quartz spring balance 


in an evacuated glass tube at 10°* mmHg An 
electric furnace was used to heat the soap up to 
150 ¢ The sensitivity of the quartz balance was 


7.54cm. g.. and its accuracy was 0.2 mg. in weight 


A sample of 0.1 g. was usually taken tor measure- 


ments 
¢ H. Flaschka. Mikrochemie, 39, 38 (1952 
R. Kieselbach, Ana/. Chem., 21, 1578 (1949 
8) D. E. Campbell, ibid.. 25, 203 (1953 
i] J. Mitchell, Jr and D. M. Sinith Aquametr 
Interscience Publishers, Inc., New York (1948 
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Compositions.—-Several analyses of each 
species of cobalt stearate were executed by 
Free Fatty Acid.—The amounts of free fatty various methods. These results are tabulated 


Results and Discussion 


acid in several samples of each species of together in Table II. Although the values 
cobalt stearate were measured. The average were scattered in some ranges, the average 
values are shown in Table I. The amount of values of each method and their mean are 
free acid was relatively little. It was most in shown. 
pink, but very little in red, soap. The follow- Theoretical compositions calculated from 
ing analyses were carried out with samples, several possible formulas of cobalt stearate are 
the free acid of which had been completely shown in Table III. In comparing Table II 
extracted. with Table III, it is certain that three forms 
of cobalt stearate are neither basic nor acidic 
TABLE I. FREE FATTY ACID CONTENTS salt. 
IN COBALT STEARATES The blue form corresponds to anhydrous 
Pink 4.14 % neutral soap, for it shows no water content. 
Blue 2.36 % The red form must be dihydrate, judging from 
Red 0.70 % the content of hydration water. The observed 
TABLE Il. OBSERVED COMPOSITIONS OF COBALT STEARATES 
Cobalt, % Stearic Hydration water, 2% Total. % 
acid, % 
By burning With a- By By By By Karl- By 7 
to ashes. _Nitroso-3- electro- EDTA neutral- i ischer heating 
naphthol deposition titration ization reagent in vacuum 
8.12 9.1 9.29 82.6 3.56 
8.95 9.4 9.65 87.0 4.55 
9.01 9.4 9.12 81.8 3.97 
10.8 9.52 85.5 6.34 
Pink 'z.4 9.25 87.3 3.9] 
9.0 3.71 
4.35 
6.26 
3.65 
iv. 8.65 av. 10.0 iv. 9.38 iv. 84.8 iv. 4.36 
mean 9.34 mean 84.8 mean 4.36 mean 98.50 
8.94 9.35 9.32 88.0 0.8 0.0 
10.43 10.15 9.63 90.9 0 
9.9] 10.15 9.59 92.5 1.4 
Blue 10.33 9.34 91.5 0.26 
10.78 9.5] 8g] 
9.78 9.58 89.1 
10.12 9.48 92.4 
10.54 | 
iv. 9.76 av. 10.14 av. 9.49 av. 90.4 av. 0.1 ' 
mean 9.80 mean 90.4 mean 0.0 mean 100.20 ( 
7.88 9.04 9.04 84.5 3.46 5.43 
9.65 9.11 9.21 86.0 4.40 5.6 
8.24 9.36 9.11 86.9 1.28 5.41 
8.57 9.18 9.01 78.6 5.48 3.12 
Red 9.26 9.01 87.6 
9.71 9.02 87.6 
9.04 
9.06 
av. 8.65 av. 9.34 av. 9.06 av. 85.1 av. 3.66 av. 5.56 


mean 9.02 mean 85.1 mean 4.61 mean 98.73 
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TABLE III. 


Neutral salts, (C;;H;,;COO).Co 
Monohydrate, (C;;H;;COO):Co-H,O 
Dihydrate, (C;;H;;COO)-Co-2H20 

Basic salt, (C,;H;;COO)Co(OH) 

Acidic salt, (C,;H3;COO)-Co(C;;H:;;COOH) 


contents of cobalt of these soaps were somewhat 
larger than the calculated values, for some of 
the combined fatty acid might be hydrolyzed 
and removed during the extraction by acetone. 

The pink form shows a composition nearer 
to red dihydrate than to blue anhydrate. 
Experimental values are particularly scattered 
in this species. As the pink soap is an incipi- 
ent product in metathesis, it may be natural 
that its composition is somewhat indefinite. 

Mechanism of Color Change.—From these 
results, it has been ascertained that the differ- 
ence of color is due to the degree of hydra- 
tion of these soaps. In the previous paper*?, 
it was found that under some conditions the 
pink soap thus formed soon turned blue and 
then red later in solution. This corresponds 
with the change of the amount of water of 
hydration, which first decreases and then 
increases agair This seems very 
strange, but the following interpretation may 
be proposed. 

The alkaline soap in aqueous ethanol takes 
the form of micelles, in which lyophilic ionic 
groups of soap molecules exist in the outer 
layer against solvent molecules. Ionic groups 
dissociate in different degrees, according to the 
solvent ratio in solution. When the cobalt 
ions are added, dissociated soap ions in the 
outer lyophilic layer react with cobalt ions 
immediately. Therefore, in the incipiently 
formed pink soap there remains the original 
micelle structure of alkaline soap, as will be 
discussed in the later part of these studies. 

With the existence of sufficient alkali, cobalt 
soap turns gradually to red dihydrate, which 
is the most stable form in these solvents. 
When the alkali is insufficient, the dissociation 
of alkaline soap is greatly suppressed, and 
therefore the ionic reactions proceed limitedly. 
In these circumstances the yield of cobalt soap 


process 
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CALCULATED COMPOSITIONS OF COBALT STEARATES 


Cobalt, % beige Water, % 
9.42 90.58 
9.15 88.05 2.80 
8.90 85.64 5.46 
16.40 83.60 
6.47 93.53 


is little, and much free acid exists in the 
formed soap. 

When the solvent ratio is higher than 1:1, 
the solvent becomes somewhat oleophilic and 
the formed pink soap turns blue, perhaps by 
an inversion of the micelle structure. In this 
case some of the lyophobic hydrocarbon chains 
appear outside. As the soap becomes less 
lyophilic in this system, blue crystals tend to 
rise to the surface of the solution. 

In the following time, water molecules 
gradually penetrate into the interior of the 
micelles of blue soap and adhere to the hydro- 
philic cobalt ions as waters of hydration. As 
the penetration of water is difficult through 
such a thick layer of hydrocarbon chains, the 
change of color from blue to red generally 
occurs slowly. 


Summary 


Pink, blue and red cobalt stearates were 
analyzed and their compositions were determin- 
ed. From these results, it has been confirmed 
that blue soap is anhydrate and red soap is 
dihydrate. The pink soap has a rather indefi- 
nite composition nearer to red soap. A 
mechanism of the color changes was proposed 
based on the inversion of the micelle structure 
under some circumstances. 


he author expresses his gratitude to Prof- 
essor Bunnosuke Yamaguchi for his kind advice 
throughout this work. He is also indebted to 
Mr. Itaru Mita for his executions of EDTA 
titrations, and to Messrs. Hirokazu Watanabe, 
Satoshi Ayano and Takeo Ozawa for their 
assistance On experiments. 
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Physicochemical Studies on Cobalt Salts of Higher Fatty Acids. III. 
Spectrophotometric Specifications of Colors of Cobalt Soaps 


By Hirotaro KAMBE 


5 


(Received February 28, 1961) 


Cobalt soaps of higher saturated fatty acids 
have been described generally as pink crystals. 
Recently Herron and Pink” described rose-pink 
cobalt laurate dihydrate and purple anhydrate, 
which was obtained by the dehydration of pink 
soap in boiling organic solvents. 

In a previous paper of this series’, three 
species of cobalt soap of different colors were 
obtained by metathesis in aqueous ethanol under 
some conditions. From results of analyses, it 
was ascertained that blue soap is anhydrate, 
red soap is dihydrate, and pink soap has a 
degree of hydration near to that of dihydrate 

In the present paper, the colors of these 
soaps will be specified by spectrophotometry. 
Reflection spectra and a chromaticity diagram 
of these colors will be shown. Relations of 
these colors with each other will also be dis- 


cussed. 


Experimental 


Materials.—-The same samples of cobalt stearates 
were used as for the previous papers- 

Reflection Spectra.—-Reflection spectra of soaps 
were measured with a Shimadzu QR-50 quartz 
spectrophotometer, to which an integrating sphere 
was attached. Reflection coefficients expressed in 
percentages were plotted against wavelengths be- 
tween 350 and 700 mv to get reflection curves 

Graphical Representation of Chromaticity. -Re- 
flection curves were analyzed by a method proposed 
by the International Commission on Illumination 
(I1.C.1.)#. Tristimulus values, Y, Y and Z, were 


determined from reflection curves by graphical 


integrations with the thirty-selected-ordinate 
method*. 

Y  0.032683R< (2 Y —0.03333S3R, (7 

Z —0.03938N°R-(2 | 


where R(A,,)’s are reflection coefficients of the 
sample at selected wavelengths Table I 


Trichromatic coefficients. x. » and Were cal- 





\ ilated by the formutas 
\ ) 
x | 
X-Y+Z X+V+Z 
Present address il Research Institute 
The University f Tokve Tokvo 
1) R. C. Herron and J. Chem. S 1956 
3948 
2) H. Kambe, This Bullet 34, 1786 (1961 
H. Kambe, ibid.. 34. 1790 (1961 
4 a % Hardy Handbook of Colorimetry Cam 


bridge, Mass 1936 


TABLE I. THIRTY SELECTED ORDINATES FOR 
ILLUMINANT C 





Ordinate (xX) (Y) _(Z) 
nemieer Wavelength Wavelength Wavelength 
my my my 
l 424.4 465.9 414.1 
2 435.5 489.4 422.2 
3 443.9 500.4 426.3 
4 452.1 508.7 429.4 
5 461.2 515.1 432.0 
6 474.0 520.6 434.3 
Ky 531.0 525.4 436.5 
8 544.3 529.8 438.6 
9 552.4 533.9 440.6 
10 558.7 337.7 442.5 
1] 564.1 541.4 444.4 
2 568.9 544.9 446.3 
13 573.2 548. 448 .2 
4 577 551.8 450.1 
15 581.3 yaa. 4 452.1 
6 585.0 558.5 454.0 
17 588.7 561.9 455.9 
18 592.4 565.3 457.9 
] 596.0 568.9 459.9 
20 599.6 512.5 462.0 
2 603.3 576.4 464.1 
22 607.0 580.5 466.3 
23 610.9 584.8 468 .7 
24 615.0 589.6 471.4 
25 619.4 594.8 474.3 
26 624.2 600.8 477.7 
27 629.8 607.7 481.8 
28 636.6 616.1 487.2 
29 645.9 627.3 495.2 
30 663.0 647.4 S11.2 
- Z 5 
X—Y+Z z 


They were plotted on an I.C.1. chromaticity dia- 
gram Dominant wavelength 4, purity p.. and 


brightness Y were determined for each sample 


Results and Discussion 


The reflection spectra of several samples of 
each typical color are shown in Figs. 1-3. 
Their tristimulus values and trichromatic coef- 
ficients have been calculated in Table I! and 
plotted on an I.C.1. chromaticity diagram in 
Fig. 4. Their dominant wavelengths, purities. 





a a 
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Fig. 1. Reflection curves of pink cobalt 
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Fig. 2. Reflection curves of blue anhydrous 
cobalt stearates 
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Fig. 5. Reflection curve of purple cobalt 


Stearates. 


and brightnesses are also tabulated in Table II. 

The dominant wavelengths 4; of each spec- 
trum are shown with dotted lines. In color 
language, blue and red soaps must be called 
violet and magenta respectively. 

Pink soaps (Fig. 1) show a broad absorption 
band with a maximum at 530~540m/”. The 
dominant wavelength of pink soaps. varies 
within a wide range, from pure pink at 520c 
my to bluish pink at 56Scm/’, but it does 
not essentially differ from that of red soaps. 
Pink soaps have smaller purities and larger 
brightnesses than red soaps. 
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TABLE Il. CHROMATICITY COEFFICIENTS OF COLORS OF SEVERAL TYPICAL COBALT STEARATES 
, Trichromatic Dominant . 
5 Ve 4 a P x - 
Tristimulus values coefficients wave- Purity Bright 
System . ness 
: length 
Y Y r ¢ y z Aa, My Pc, % Y, % 
Pink SOaps) 
P-1 76.24 73.81 91.78 0.315 0.305 0.380 520c* pe 73.81 
P-2 63.38 59.74 7? de 0.316 0.298 0.386 530c 8.5 59.74 
P 3 67.13 63.79 86.23 0.309 0.294 0.397 554c 9.0 63.79 
P-4 59.65 55.86 77.89 0.308 0.289 0.403 555C 10.5 55.86 
Blue soaps) 
Bo 1 21.26 12.67 64.43 0.216 0.129 0.655 448 62.5 12.67 
B-2 24.45 15.45 73.07 0.216 0.137 0.647 452 60.5 15.45 
B-3 21.76 13.74 63.20 0.220 0.139 0.641 449 57.0 13.74 
B-4 22.63 14.78 64.49 0.222 0.145 0.63: 450 56.5 14.78 
Red soaps) 
R-1 48.84 36.2? 62.96 0.330 0.245 0.425 533c EF aie | 36.22 
R-2 53.78 40.25 71.30 0.325 0.243 0.431 538c Re 40.25 
R-3 53.34 40.25 Tises 0.324 0.244 0.432 540c 2.35 40.25 
520¢ mys means complementary to color of 520 my. 
Tasre Wl. CHROMATICITY COEFFICIENTS OF SOME PURPLE COBALT STEARATES AND PINK 
COBALT STEARATES OBTAINED IN AQUEOUS METHANOL 
Trichromatic Dominant 
istimulus value . sap right- 
Tristimulus values coefficients wave- Purity Bright 
Svstem “ ness 
length 
\ y ra \ } Zz Aa, Mee Pe, %0 Y, % 
Purple soaps obtained from blue soaps) 
Pu | 46.22 39.17 84.23 0.272 0.231 0.497 410 27.5 39.17 
Pu-2 9.06 29.53 67.90 0.286 0.216 0.497 56Ilc 36.0 29.53 
Purple soaps obtained from red and pink soaps 
Pu-3 45.26 37.66 74.94 0.287 0.239 0.475 562c 27.0 37.66 
Pu-4 52.34 47.41 78.73 0.293 0.266 0.441 564c 17.0 47.41 
Pink soaps cbtained in aqueous methanol 
M-1 83.21 81.61 95.46 0.320 ).314 0.367 493¢ 3.0 81.61 
M2 85.9] 84.4? 98 . 34 0.320 0.314 0.366 493¢ 3.0 84.42 


Blue anhydrates (Fig. 2) show 
sorption band with a broad maximum at 580~ 
590m’, and a shallow but sharp absorption 


band at 400m. The blue color of this species 


a large ab- larger purities. In these samples the dominant 
wavelength seems to change abruptly from 
564c mv to 410myv, but it is clear from the 


chromaticity diagram (Fig. 4) that these 


Originates from a large reflection at shorter dominant wavelengths are continuous. The main 
wavelengths. origin of purple color changes in this range, 
Red dihydrates (Fig. 3) show a deep but however, from an absorption band at 560 my to 


relatively sharp absorption band at 540~550 a reflection band at 400 my. 

mt. Sometimes the spectra of blue soaps have In this way, it is established that among 
a small shoulder at a corresponding position, cobait soaps of different colors, red and pink 
arising from the red soap also present. soaps are the same in nature, although their 





When blue soap was taken out of the solu- 
tion at a_half-turned-red purple soap 
was obtained. Pink and red soaps also became 
purple when they were immersed in pure 
ethanol for a long time. These samples are 
shown in Figs. 4 and 5, and their trichromatic 
coefficients are tabulated in Table III. 

Purple soaps have dominant wavelengths be- 
tween those of pink and blue soaps. Purple 
soaps obtained from blue soap have relatively 


State, 


colors differ in purity and brightness, and that 
blue soap continues to pink or red soap 
through purple soaps. 

Cobalt stearate may be formed by metathesis 
in aqueous methanol instead of ethanol”, but 
the color of the soaps thus formed is pale 
pink. Their reflection curves are very flat, 
with a maximum at about 500my, as shown 
in Fig. 6 and in Table III. It is characteristic 
for them that their purities are small and 
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Fig. 6. Reflection curves of cobalt stearates 


obtained in aqueous methanol. 


their brightnesses are large, and their maximum 
absorption occurs at a shorter wavelength. 


Summary 


The colors of three species of cobalt stearates 
were specified by I. C. I. chromaticity coefficients. 
Reflection have been compared with 
each other, and it has been found that these 
colors are continuous in nature. 

Pink soaps have dominant wavelengths in a 
wide range from 520c~555c m/t and show small 
purities and large brightnesses Red 


spectra 


soaps 
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have essentially the same dominant wavelengths 
as that of pink soaps at 530c~540c my, but 
they show comparatively large purities and 
small brightnesses. because they are darker 
than pink soaps. They must be called magenta 
in color language. 

Blue soaps must be called violet rigorously, 
for they show dominant wavelengths at about 
450 my. They have larger purities and smaller 
brightnesses. Between blue and pink, many 
tones of color from violet to purple exist con- 
tinuously. It is certain that 
related to each other. 

The pale pink cobalt stearates obtained in 
aqueous methanol were specified in the same 
way 


these colors are 


The author expresses his gratitude to Profes- 
sor Bunnosuke Yamaguchi, for his advice 
throughout this work. He is also indebted to 
Messrs. Hiroshi Kayano and Teijiro Mizuno 
for their assistance in spectrophotometry. 
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Ionic Nature of Cobalt Soaps, Revealed in Infrared Absorption 
Spectra and Magnetic Susceptibilities 


By Hirotaro KAMBI 


and Itaru MITA* 


(Received March 11, 1961 


In the previous papers of these studies 
three forms of cobalt soap with different colors 


in other words, with different degrees of 
hydration—were found. As they are salts of 
fatty acid, they must be composed of cobalt 


and fatty acid ions. 

In the present paper, their infrared absorption 
spectra and magnetic susceptibilities are meas- 
ured. It is concluded that as the infrared ab- 
sorption bands of carboxylate ion are found, 
soaps are essentially ionic in nature. 
Magnetic moments of cobalt ion in these soaps, 
calculated from magnetic susceptibilities, sup- 
port this conclusion. 


these 


Present address Aeronautical Research Institute 
The University of Tokyo, Meguro-ku, Tokyo 
1 H. Kambe, This Bulletin, 34, 1786 (1961 
2) H. Kambe, ibid., 34, 1790 (1961). 
3 H. Kambe, ibid., 34, 1794 (1961) 


normal 
acid, were 


salts of 
stearic 


Infrared spectra of cobalt 
fatty acids, from formic to 
Duval, Lecomte. and Douvillé 
They confirmed that the carboxylic groups in 
these salts are essentially ionic in nature. 

Herron and Pink» measured the magnetic 
susceptibilities of cobalt stearate and laurate. 
and of cobalt laurate dihydrate. The magnetic 


Observed by 


moments of cobalt ions in these soaps were 
given as /#ers=5.00, 5.06 and 5.07 BM respec- 


tively. Moreau and Vatteroni‘? measured the 
magnetic susceptibilities of the cobalt salts of 


fatty acids with carbon numbers between | 
4) € D al, J. Lecompte d F. D ! dian. 7 
11), 17, 5 (1942 
5) R. C. Her R. C. Pink, J. Chem. S 195% 
3948 
6 C. More M. Vatteror Com; ’ .. Te 
1953 
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and 18. They have found that the susceptibili- 
ties of cobalt salts of higher fatty acids are 


somewhat larger than that of inorganic cobalt 
sulfate. 

The experimental results obtained in the 
present paper will be discussed in comparison 
with these investigations. 


Experimental 


Materials. 
state, of each typical 
Ous paper!’ were used as 
sodium stearate, and cobalt 
been purified as usual, were used references to the 
infrared investigations. 

Infrared Absorption Spectra.—Infrared absorp- 
tion spectra were measured chiefly with a Perkin 
Elmer Model 112 single beam spectrophotometer, 
using a sodium chloride or calcium fluoride prism. 
Some samples were measured also with a Perkin 
Elmer Model 12B double beam spectrophotometer 
at the Laboratories of Mitsubishi Kasei Co*?. 

As cobalt soaps are generally insoluble in common 
the form 


Cobalt stearate, palmitate, and myri- 
color, obtained in the previ- 
samples. Siearic 
hydroxide, which had 


acid, 


solvents, powdered samples were used in 


of potassium bromide disks, or mulls in Nujol or 
in hexachlorobutadiene (HCB). 
The potassium bromide disk method was used 


mainly in the range of wave number below 1700 


cm The sample soaps and potassium bromide 
were carefully dried and pulverized to pass through 
a sieve of 200~250 meshes per inch. A small per- 


centage was mixed with potassium bromide powder 
and pressed at 10,000 kg. cm- to form a disk. 
Above 2700cm ', the Nujol mull or HCB mull 
method was used exclusively. Mulls were 
between rock salt plates. Nujol shows strong absorp- 
H bond, which overlap C-H absorptions 
Although HCB is so volatile that it 
make mulls with it, it was chiefly 
used in the range of 2700~4000cm ', for 
no absorption above 1700 cm 
Magnetic Constants.--The 
lity Zy of cobalt soap, mixed with zinc oxide, was 


placed 


tions of ¢ 
of the soap. 
is difficult: to 
it shows 
Magnetic susceptibi- 
measured by Gouy’s method*?. 7, was corrected for 
ferromagnetic imprities by plotting susceptibilities 
field strength. Extrapolation to 
which ts substantially 


against reciprocal 
infinite field strength gives Z... 
free from ferromagnetic effects. 

As the specific susceptibility of zinc oxide, Zzno0, 
0.26 «10 the specific 


had been given as CoM: Bis 


susceptibility of soap, Z, was determined by the 
following formula : 
w . 100— 
100 100 . 


in which w is the concentration of soap in per cent 
by weight. Molar susceptibility is calculated by a 


formula : 
Xu = -X 2) 


in which M is the molecular weight of soap. 


With the latter instrument, measurements were exe- 
cuted by Mr. S. Morita. 

Magnetic measurements were carried out by Dr. Y 
Matsunaga at Department of Chemistry, Faculty of Sci- 


ence, The University of Tokyo 


and Itaru MITA [Vol. 34, No. 12 


The diamagnetic component of susceptibility, 
NZaia, Was corrected by a formula 


ZM ZA para DZdia (3) 


The diamagnetic susceptibilities of the constituents 
of which are shown in Table I. 

The magnetic moments in Bohr magneton (BM) 
were calculated by a formula: 


Moff =2.839V Z, > i (BM) (4) 
TABLE I. SpeECIFIC DIAMAGNETIC SUSCEPTI- 
BILITIES, Laiacl®@ (c.g.s./g.) 
Stearate ion 209* 
Hydration water 13° 
Cobalt(I]) ion 12° 


* This value found in 


and cadmium stearates 


Was magnesium, zinc 


Results and Discussion 


Infrared Absorption Spectra. The wave num- 
bers of the absorption maxima in the infrared 


spectra of cobalt soaps are assigned and 
tabulated in Tables II and III. 
Absorptions by Hydrocarbon Chain. — Among 


species of the same color, the chain length of 
fatty acid did not significantly influence the 
spectrum. Band progression at 1200~1300cm~', 
due to hydrocarbon chain, depends to some 
extent upon the length of the chain, but the 
absorption bands of cobalt soaps are weaker 
than that of stearic acid. 

The absorption bands of C-H stretching vib- 
rations, i.e. the out-of-phase vibration of CH 
at 2865, the in-phase one at 2935, and _ the 
asymmetrical vibration of CH, at 2970cm~', and 
the bands of symmetrical bending of CH» at 


1465cm~! were always observed in all soaps, 
without distinction of color. The symmetrical 
bending vibration band of CH, at 1375cm 


was found in red soaps, but in other soaps it 
was not readily indentified. 

Absorptions by Carboxylate lon. — Absorption 
spectra in the range of 1250~1800cm~' are 
shown in Figs. 1—3. 

It is well known 
carboxyl groups’ of molecules are 
donded by hydregen bonds to take a dimeric 
form. The absorption of a carboxyl group in 
this state reveals its C-O stretching vibration 
band near 1700cm~' (cf. Table III]). In cobalt 
soaps, two absorption bands of carboxyl group 
1400 and 1550cm instead of 
1700 cm They correspond to 

and antisymmetric stretching 
r 407 
| CX » as 
L O 


that in free fatty acid 


two 


were found at 
one band at 
the symmetric 
carboxylate 


vibrations of ion, 


R. Kanekar, S. P. Walvekar and D 
18, 936 (1950). 
38, 41 (1946). 


7 M. Prasad, C 
D. Khanolkar, J. Chem. Phys., 
8) P. W. Selwood., Chem. Revs., 
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Fig. 1 Infrared absorption spectra of pink 


cobalt soaps. 


S: Cobalt stearate P: 
M: Cobalt myristate 


Cobalt palmitate 
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Fig. 2. Infrared absorption spectra of blue 


cobalt soaps. 
S: Cobalt stearate P: 
M: Cobalt myristate 


Cobalt palmitate 


pointed out by Duval, Lecompte and Douvillé 
Their conclusion was based on the deformation 
vibration modes of carboxylate ions, appearing 
at lower frequency range than ours. Their 
results were stated to be uncertain at a higher 
frequency range owing to the insufficient re- 
solving power of their instrument. 

From this result it has been concluded de- 
finitely that all cobalt obtained in our 
experiments are ionic in nature. As a reference, 
spectra of free stearic acid and sodium stearate 
are shown in Table III. Stearic acid distinctly 
shows a stretching vibration of C-O at 1700 


soaps 


and Itaru MITA [Vol. 34, No. 12 
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Infrared absorption spectra of red cobalt 


Fig. 3 
soaps. 
S: Cobalt stearate Ps 
M: Cobalt myristate 


Cobalt palmitate 


cm~', while no band was found at 1550cm 
corresponding to the antisymmetric vibration 
of carboxylate ion. In place of the symmetric 

stretching band of carboxylate ion at 1400cm 
there appeared the C-O stretching band and 

O 
O-H in-plane deformation band of -C< ’ 
OH 

Naturally, the OH stretching band at 2650cm 
and the OH out-of-plane deformation band at 
940 cm 

acid. 
Sodium stearate shows carboxylate bands at 
1424 and 1560cm~‘ and an absorption by the 


appeared in the spectrum of stearic 


asymmetrical bending of CH; at 1445cm 
which appears in pink soaps, exclusively. This 
may indicate the similarity between sodium 


soap and pink cobalt stearate. 

Absorptions by Hydroxyl Bond. — In spectra 
of cobalt with different colors of the 
same fatty acid, several differences were found 

In red and pink soaps, absorptions by 
stretching vibration of OH bonds appeared in 
the 3200~3400cm~' region, but in blue soaps 
they were completely lacking. This is in 
accordance with the results of analyses of water 
content In pink soaps, a broad peak reveals 
itself at 3300cm~', but in red soap, two peaks 
appear at 3260 and 3400cm 

The hydroxyl bond of cobalt hydroxide 
shows a very sharp band of free OH vibration 


soaps 


at 3640cm~', which does not exist in the 
spectrum of every soap. Liquid water shows 
a peak of hydrogen-bonded OH at 3410cm 


In comparison with these data, water molecules 
in cobalt were attached to cobalt io 
with bonds than hydrogen-bonds i: 


soaps 


stronger 


December, 1961] 


TABLE IV. 


H =22500 16400 (caled.) 
1/H-10*=0.444 00610 0 
Red cobalt 
stearate 3.16 5.07 2.593 
dihydrate 3.07 aint 2.53; 
Ay. 2.57 
Blue cobalt 
stearate 2.48 3.357 2.28 
anhydrate 2.51 2.61 2.24, 
Av. 2.24 
TABLE V. 
Coordi- Geometry 
Type nation of 
number complex 
Free Co : 
ion 


Spin-free ({ ° octahedral 
or ionic 
covalent | 


tetrahedral 


square, planar 


: 4 square, planar rats 
Spin- q I 
paired 


presumably (a) |i 
covalent j 


tetragonal (b)* [iris 
Bonding orbitals. 
Figgis and Nyholm* 
improbable 


free water. Therefore, it was concluded that 
water in cobalt soaps exists as hydration water. 

Magnetic Susceptibilities. - Observed values 
of magnetic susceptibilities and magnetic mo- 
ments, calculated as stated above, of red and 
blue cobalt stearates are shown in Table IV. 

Figgis and Nyholm” have shown that, ac- 
cording to magnetic moment, cobalt(II) com- 
pounds may be classified into two types, that 
is, the spin-free or ionic covalent type and the 
spin-paired covalent type, as shown in Table \ 
The number of unpaired electrons, n, in these 
configurations is three and one. Therefore, the 
spin only value of magnetic moment, [er 
2), is 3.88 and 1.73 BM, 
The observed values of many 
each type were 4.2~5.6 BM in the spin-free 
type, and 1.7~2.9 BM in the spin-paired type, 
as shown in Table V. 

On the basis of these facts it has been con- 
cluded that the cobalt soaps used in the present 


Vn(n respectively. 


paper were spin-free or ionic covalent com- 
plexes. This conclusion is completely consistent 
9) B. N. Figgis and R. S. Nyholm, J. Chem. So 1954 


12; 1959, 331, 338 


MAGNETIC CONSTANTS OF COBALT SOAPS (T 


Electronic configurations 


complexes of 


Ionic Nature of Cobalt Soaps 1801 
297°K) 
W Z-10' nr 108 SWaiglO® Apara- 10 it 
9 BM 
(M = 661.89) 
19.8 14.0 9286.3 456 8830.3 4.59, 
(M = 625.86) 
18.8 13.0 8155.0 430 7725.0 4.30 


ELECTRONIC CONFIGURATIONS OF COBALT(I]) COMPLEXES 


Observed 


Hybrid ‘ 
magnetic 


orbitals 


moment 
tert, BM 
4 4 

(4s) (4p)*(4d)* 4.9~5.6 
(4s (4p) 4.3~4.8 
(4s) (4p)*(4d) 4.8~5.4 
(3d) (4s) (4p)? 2.1~2.9 
(3d) (4s) (4p)2(4d) ) 

1.7~2.0 


(3d)2(4s) (4p } 


proposed originally this configuration, but considered later that this 


with the results of 
urements. 

Observed values of magnetic moments of 
cobalt(II) complexes are generally larger than 
spin only values, for the contribution of the 
orbital motion of electrons was not completely 
quenched in them owing to the presence of 
ligand fields and spin-orbit couping. Among 
ionic covalent complexes, the orbital contribu- 
tion is smaller in tetrahedral sp’ orbitals than 
in octahedral sp’d’ orbitals. This is based on 
the difference of multiplicities of ground states 
in these configurations 

Although our values are somewhat smaller 
than that of Figgis and Nyholm, blue and red 
cobalt soaps must correspond to the (4s)(4p) 
tetrahedral four-covalent complex and_ the 
(4s) (4p)°(4d)° octahedral six-covalent complex 
respectively. Holmand Cotton’? have proposed 
the (4s)(4p)°(4d) square planar, ionic covalent 
type for cobalt(II) complexes, but this 
configuration may be excluded from our cases 
by considerations of color. 


infrared absorption meas- 


some 


RR 89): 32. 1168 (1960): J. Am. Chem. So 82, 2979 
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The magnetic moments of rose-pink cobalt 
laurate dihydrate and purple anhydrate of 
cobalt stearate and laurate obtained by Herron 
and Pink” were larger than our values, as has 
been shown before. In contrast with our results, 
they found no difference in magnetic moments 
between anhydrate and dihydrate of cobalt 
laurate. As? their purple anhydrate was pre- 
pared by boiling rose-pink dihydrate with 
solvent, it might be a glassy form recovered 
from a molten state. In oyr experiments, 


which will be discussed in a later part of 


these studies, a once-melted soap showed a 
somewhat larger magnetic moment than a true 
blue form. The orbital contribution is so 
much affected by a crystal field that the 
melted form must have a different contribution 
of orbital motion to the magnetic moment. 
Moreau) and_ Vatteroni compared the 
magnetic susceptibilities of cobalt soaps with 
that of cobalt sulfate and found that the values 
of cobalt soaps were somewhat larger than 
inorganic salt. They concluded that these 
soaps were regarded as structure complexes. 
This is also consistent with our results. 
Structure Formulas of Cobalt Soaps. From 
these results, it may be concluded that red 
dihydrate and blue anhydrate of cobalt stearate 
have a geometry of octahedral and tetrahedral 
coordination complex respectively. The struc- 
ture formulas of these soaps may be described 
as shown in Fig. 4, following Herron and 


Pink». Such a formula was proposed for 
(a) (b) 
Fig. 4. Proposed structure formulas of cobalt 
soaps. 
(a) Red dihydrate (b) Blue anhydrate 
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cupric salts of lower fatty acids by French and 
Lowry’ and opposed by Sidgwick'». Sidg- 
wick’s main reason for rejecting this formula 
was that the strain in the chelate ring of four 
members makes them exceedingly unstable. 
The alternative formula, in which the carboxyl 
group occupies two coordination positions at- 
taching themselves to two different cobalt ions, 
so as to form a ring of more than four mem- 
bers, must be proposed. This was done in 
cupric soaps’, but not yet for cobalt soaps. 


Summary 


The infrared absorption spectra and the 
magnetic susceptibilities of red dihydrate and 
blue anhydrate of cobalt stearate were 
measured. The infrared spectra showed the 
existence of carboxylate ion in these soaps, 
and magnetic measurements confirmed that 
they are ionic in nature. 

The magnetic moments of red and blue 
cobalt stearates showed that they are spin-free 
or ionic covalent complexes. The geometry of 
red soap is six-covalent octahedral, and that 
of blue is four-covalent tetrahedral. Structure 
formulas were proposed for them in corre- 
spondence with these geometries, but they may 
be improbable because of the existence of un- 
stable rings of four members. Alternative 
formulas, in which a carboxyl group joins two 
cobalt ions, might be considered but have not 
yet been given. 


The authors express their gratitude to Pro- 
fessor Bunnosuke Yamaguchi for his advice 
throughout this work, and to Dr. Yoshio 
Matsunaga and Mr. Shiro Morita for their 
accomplishments in magnetic and some infrared 
absorption measurements. 


Institute for Science and Technolog) 
The University of Tokyo 
Meguro-ku, Tokyo 


11) H. S. French and T. M. Lowry, Proc. Roy. Soc., 
106A, 489 (1924). 

12) N. V. Sidgwick, “The Electronic Theory of Valency”, 
Oxford Univ. Press, Oxford (1927), p. 252. 
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Solubility of d- and /-Isomers 1803 


Statistical Thermodynamics of Solutions of Optically Active Substances. II. 
Solubility of d- and 1-Isomers in Optically Active Solvents 


By Kazuo AMAYA 


vad “a 
(Received 


It is expected theoretically that when d- and 
l-optical isomers are independently dissolved 
in an optically active liquid, the solubilities 
of d- and /-isomers may be different. To 
elucidate the special feature of this problem, 


the theoretical expression for the solubilities of 


d- and /-optical isomers is based on the model 
described in a previous paper Further a 
possibility of optical resolution is discussed. 


Theory 


Let us consider two kinds of systems, the 
one of which contains optically active liquid 
substance A and /-isomer of optically active 
molecule B (which is denoted by B,) and the 
other contains A and d-isomer of optically 
active molecule B (which is denoted by B,). 
For simplicity ‘t is assumed that the two 
components are completely immiscible in the 
solid state and completely miscible in the liquid 
State. 

The chemical potential of B, molecule in 
crystal “*g, is a function.of absolute tempera- 
ture, T, alone while the chemical potential of 
the same molecule in solution /¢*,, is a function 
of, T, mole fraction of B,, xz,, and interaction 
parameter between A and B; molecules, \,,. 
For a saturated solution of B; in A the chemical 
potential of B, is equal to that in the crystal, 
then it follows that 


me (T) e°p (T, XBj> WAB,) (1) 


In a similar way for a saturated solution of 
B, in the following expression is obtained 


fe* 5 (T) (3, (T, Xpg, Oap ) (2) 


where /*,, and *,, are the chemical potentials 
of B, molecule in the crystal and in the 
saturated solution respectively, and xz, is the 
mole fraction of By, in the solution and o\,,, 
is an interaction parameter between A and B, 
molecules. 

As B, and Bz molecules are mirror images 
for each other, the chemical potential of B 
molecule is equal to that of By, molecule in 
the crystal at the same temperature. Then it 
follows from i and 2 that 


1) K. Amaya, This Bulletin, 34, 1689 (1961) 
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eke (T) ae Og ee XB), MaB,) 
f°3 (CT, XB ys MsBy) (3) 


Since wn, and wy, have different values, x, 
and xx, in each saturated solution have dif- 
ferent values. It means that the solubility of 
B, and B, optical isomers differ from each 
other. In the following, explicit expressions 
for #°p, and y*,, will be derived. In deriving 
the theoretical expressions, the following 
assumptions are made: 

(1) Molecule A, B,; and B, are equal in 
size and each occupies a site of quasi-crystalline 
lattice and has 3z orientational freedoms. 

(2) Molecule A is covered by Zz planes, 
one of which is composed of a element, and 
the others (z~1) are composed of 5 elements. 
The a element is composed of three sub- 
elements 1, 2 and 3 and their arrangement is 
in the order 1, 2, 3 clockwise viewed from 
outside of the molecule. 

(3) Molecule B (both B, and B,) is also 
covered by z planes, one of which is composed 
of a’ element and the others (z~ 1) are com- 
posed of db’ elements. a’ element is composed 
of three subelements 1’, 2’ and 3’ and their 
arrangement is in the order 1’, 2’, 3’ clockwise 
for B,; molecule and 1’, 3’, 2’ clockwise for By 
molecule viewed from outside of the molecule. 

(4) The configurational energy of the 
system is the sum of interaction energies of 
plane-plane pairs. 

if the interaction energy of plane i and plane 
j is denoted by w;;, all possible kinds of w 
and their interaction energies become as 
follows. 


f f Onn, Dabs Waa w ma) 
A—A 2 
5 
ow w «-®@ 
5 
@w @ a@W 
5 
B B > B B @w w h's @ w WM 
w 7) 2w 
w 7) -@ 
A B Mae w @ ~w w w ow 
ow w w w 
ow w w w 
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A-B Orr’, Wat's Wa't, WS WM); wo 0) (Nx Np,) Xp, (1 Xp,) (27 ABy Za Zn,)* 
wt o wo w (7) 
wt ow) o wo where 
The total configurational energy of the system Xp, = Np, /(Na+ Np) 
is expressed as a sum of these energies. For 1( 
a system composed of Nx molecules of A and Zapp= . 4 (Z—-1)%@m: + (Z— 1) (@an + a'r) 
Np, molecules of B,, the configurational i 
yartition function Qxpg, is given by : , 
J unction 1B, IS give \ (wt aid ™ ) 
(Nx --Np,)! . 
In OQ AB In NIN - 
cielo In evaluating (W*an,(Na, Nu,)>, the average 
In(3z) Na+ M1 Nada+ Np, Zp, value over most probable configurations is 
BAI<) kT taken as an approximation, since it is very 
Wen. (Ne. No.) difficult to evaluate the exact value of this 
sis oii wcll. quantity averaged over all possible configura- 
kT tions. For most probable configurations, the 
Wap,(Na, Np) Wan, (Na, Np,) number of plane-plane pairs tor each kind of 
N(kT) pair becomes as shown in Table I. 
(4 The average value over the above configura- 
” tions becomes as follows with a procedure 
where similar to that described in the previous 
zd paper 
/ ~ Se (Z 1) ‘ow pA 4 Ll) Wea 
Wa, (Na, Nu,) Wx, (Na, Np,) 
l 
(w War @aas) (5) (Na+ Np,) ] 
—- 4” (1—xs,)* 
Xp,)*° (Wa: Waa») 
4z "- = 
Zz l 
« @ 5 - 
zy Tall deer (2 1) aoe 22 l)@art 1 (@ diva (wn. a. 
(w wo 0) ) | (6) 4x*p,(1—xp )*- fw! wo: ) 
’ a'¢ ( a i I 36 
and Wap,(Na,Np,;) is the excess potential (wo! wher)? + (ol wha.) 
energy of the system and <“W,p,(Na, Np,)> and 
Wsn)°(Na, Np,)> denote the unweighted juiean x'p)° ice Pers hein Sissons 
over all configurations of this quantity and of 36 
the square of it respectively. Then <(Waxp,(Na, 
Np,)> Is given by Cans, iarats) (8) 
i By (Na, Niz,) (N Nz) (1 XB,) Za 
an os ae ae By substituting 8 into 4, the following ex- 
2xp,(1 XpB,) Zan, x py Zp . . —_ ~ . 7 H 
. pores pression for configurational partition function 
Niada—Np;43, Op, is obtained. 
TABLE | 
The kind of pairs Number of pairs 
h—hb (z—1)*/z2-Na 
1 
A—A a—b 2(z—1)/z*-N N = (Na+ Np;)z(1—x 
\ a~a@a 1/z*-N 
a D ( 1) ~Nevy 
B.-B a'—b 2(z—1) /z?-Np Neppp= > (Na+ Np) 2. 
a a 1/z°*-Nopyy 
h h (Z 1 < \ I 
a-l zc—1)/z*-Nap \ (Na—+Np,)z- 1—x 
A—B a sides 
a'—b z—1 Nat ' 
a a 1/z*-N~p 


Mean cohesive energy of a B molecule in an imagi- 


nary liquid state 
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(Na+ Np,)! . l 
| In Qaz, In . F - In(3z) Na NB ZaBy (Z—1)7@55 + (Z—1) (Wap Wa’) 
Na! Np;! Z | 
N Z Ne Le (N Np } 
; — : a? © Ot ae (w4a:', +a%a',+,40 )t (12) 
La—%s;)Xn,(1— Xp;) Now compare 10 with 11. Since B; is a mirror 
l (Na+ Np,)? 4 image of Bz and B, molecules are energetically 
“kT) 4z (1 *By)"* 36 (Waa equivalent, it follows that 
; Wee.) (Gan Waa) (@aa,.— Waa:) Xp, =ABy (13) 
1 : _ 
+ 4x?p, (1 —xp,) *36{(o! a oe vane 1 relation 
) Wh wba, tobe W111 + @23' + O32 > @ 
. Lt (whe: wha:,) (whe Wia',) 
Ww; @31' 7 @ W@W) @W21 
; x*s,° 6' (Waa Wa'a',) (@Wa'a’,— Wa'a's) 1! + W202" + 033 + 13" + 21" 
@32' tT @W12' 7+ @ T @W31 
P (Wa'a Wa'a',)~} (9) wa wt -w a 


Then the chemical potential of B; molecules 
tp, can be obtained by partial differentiating 
kT In QOxz, with respect to Np, 


OKT In Oxz, 


pers P —— kT In XB ZB 
, ON, é 
(1 —xp,) (2Z an, A — 23g) 
1N 1 I 1 
( XB) "1 (@aa Waa) 
36 2 kT : 
(Waa Waa.) (Wana Waa;) 
Xp, (1 Xp, (w!, wha ) 
! 
| (w! 0) ) (Wa: ow! ) 
x Bp, (2 X3,) (Wa'a' Wa'a ) 

(Wa'a Wa'a’,) (Waa Wa'a';) 

(10) 

4 where N= Na ~+ Np;. 

n, For the system consisting of N, molecules 
of A and Ng, molecules of By, the chemical 
potential #3, for the Bz molecule can be 
derived in quite the same way. Then /5s, 
becomes 
ut By kT In x,2 Ley 

+ (] Xpy) (2X an, Aa Bq) 
1N 1 a ys 

Xp.) *i@aa Maa) 
36 22 kT , 

+ (Waa Waa.)*+ (Waa Waa:)*} 
Xp, (1 Xp) ( { (we wa.) 
(wha wa) (wc w?,',) 

x By (2 XBy)t (Wa'a’ Wa'a'>) 
+ (Wa'a Wa'a',) (Wa‘a Wa'a’,) 


(11) 


where 


it follows that 


Zap,—ZaBy (14) 
Then the only difference between 10 and 
11 is the second term in the bracket | | 
which contain the coefficient xn(1—xxz)°*. 


By using new notations that Zp=7Zp,=— Zn, 


and Zan=%an,;—%anyg, and expressing mole 
fractions of B,; and Bz molecules in their 


saturated solutions by x;, and xa respectively, 
x, and xz are correlated by the following 


equations 
“Sp (x1) =kT Inxi—Zp 
(1—x1)2(2%an— %a— Xp) 
=e - (1—x1)*Caa 
x.(1—x2)3Cap,+x0°(2—x1) Cas} (15) 
uS (xa) =kT In xa— Zp 
(1—xa)*(2Xasp— Xa— XB) 
ae we pri aa 
xa(1—x2)?Capy + xXa?(2—Xa) Cap 
(16) 
where 
Caa= (@aa,— Waa;)* + (Waa;— Waa;) 
+ (Waa;— Waa) 
Cep= (@a'a Wa'a’,)? + (Wa'a':— Wa'a';) 
+ (Wa'a';—OWa'a 
Cap, (wha wha’)? + (aba,—Wae's)” 
+ (whar,—oha’,) 
Cas, (waa wa’)? + (waa Wia's)” 
+ (Waa Wie’) 


xp denotes Zp, OF Z%By- 
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Discussions 
The chemical potentials of B, and B, mole- 
cules in the solution /°s,(x) and /*,,(x) 


respectively, can be expressed as a function of 


their mole fraction x by the same formula 
except for the term containing Cyn, and C,x,. 
If the common part is expressed by F(x), the 
following formula is obtained. 


‘ ’ N 1 

L Bp, (x) F (x) 36 z KT Cuex x) 
' , N 

pep (x) = F (x) 36 z KT Coeax x) 


This formula is represented schematically in 
Fig. 1. It is clear from the above expression 
that the higher the temperature the greater 
the difference between the two curves is. The 
Straight line parallel to the x axis representing 





Fig. 1. Schematic diagram of wg, and 1; 
as a function of x. 
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y —¢t® crosses the curves representing /**p,(x) 
and /*,,(x) at points P, and Py. Projections 
of P, and Py, on Z axis represent x, and xy 
As these two curves generally do 
and x, have 


respectively. 
not coincide with each other, x 
different values. This shows that the solu- 
bilities of d- and /-optical isomers in optical 
active solvent differ from each other and the 
magnitude of the difference is determined by 
the difference between Cyn, and Cyp,. It is 
clear from the above argument that in principle 
the optical resolution is possible using the 
difference of solubility of d- and /-optical 
isomers in optical active solvents and by 
choosing a proper kind of molecule of A, 
which makes the difference of Cyn, and Cap 
large, the difference between x, and x, can 
be made large enough to obtain an efficient 
optical resolution. 

The above argument is confined only to the 
mixture in which B, and B, molecules form 
no racemic compound. For the case where a 
racemic compound is formed more elaborate 
consideration must be made. 


Summary 


The statistical mechanical expression relating 
the solubilities of d- and /-optical isomers in 
optically active solvent is derived. 

It is shown that there exists a difference 
between these two solubilities. 

The possibility of optical resolution is also 


discussed. 


The auther wishes to express his hearty 
thanks to Professor Yonezo Morino of The 
University of Tokyo for his helpful discussions. 


Government Chemical 
Industrial Research Institute 
Shibuya-ku, Tokyo 
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Liquid-Vapor Equilibrium of Isotope Mixture under Centrifugal Force 


By Kazuo AMAYA 


(Received March 30, 1961) 


In order to estimate the efficiency of con- 
centrating one of the isotopic compounds by 
distillation of the mixture under centrifugal 
force, a theoretical expression for liquid-vapor 
equilibrium of the isotopic mixture under 
centrifugal force was derived and a concentra- 
tion factor under practical condition was 
estimated for actual cases. 


Derivation of the Expression for the 
Distribution of Isotope Mixture in 
Liquid-Vapor Phase System 
under Centrifugal Force 


Consider an isotopic mixture composed of 
N, molecules of isotope 1 of mass m, and N 
molecules of isotope 2 of mass mp. 

If the mole fraction of isotope 1 in the 
mixture is denoted by x, then 


Ni = Nx (1) 
N2= N(1— x) (2) 


where N=N,+ N2. 

Suppose that the mixture is confined in a 
closed box with cross section area S and 
height H and is placed ina field of homogene- 
ous centrifugal force g*, the direction of which 
is perpendicular to the cross section. 

If the densities of molecules of isotope 1 
and 2 in the vapor phase at a distance h* from 
the liquid surface are denoted by nj},(h*) and 
nS,(h*) respectively and those in the liquid 
phase by n},(h') and n},(h') respectively, and 
suppose that the vapor density is sufficiently 
low and the liquid is not compressible, then 
following relations hold. 


ny g(h*) =n} ¢(0)-exp(—mgh* kT) (3) 
nS g(h*) =nS 2(0)-exp(—mnegh* /kT) (4) 
ni o(h') +n) -(h') =n! (0) +71,(0)=N 
const. 
(5) 
ni g(h') = Norn! ¢(O) -exp(mgh'/kT) /{nj 2(0)- 
exp(mgh'/kT) +n} ,(0)-exp(mgh'/kT) } 
(6) 


For the sake of simplicity, the values of g are 
assumed to be constant along the direction of height 


ns g(h') = Norn} ,(0)-exp(megh' kT) /{(n} (0) 
-exp(mgh' kT) +n) .(0)-exp(mgh'/kT) } 
(7) 


where & is the Boltzmann constant and T is 
the absolute temperature of the box. 

If the vaporization energy of isotope 1 is 
assumed to be equal to that of isotope 2, 
then it follows that, 


ni g(O) = Krnj (0) (8) 
n} (0) =Krn¥ ,(0) (9) 


where Kr is a constant at a given temperature, 
T. From the principle of conservation of 
mass in a closed system, the following relations 
are obtained. 


Hs Me. 

sf ny} o(h* )dh, s/ ni c(h')dh,=Nx (10) 
H; H 

sf ns (h* dh, sf n! .(h')dh = N(A—x) 


(11) 


where SH} and SH; are the volume of the space 
in the box occupied by the vapor and the 
liquid respectively at equilibrium under centri- 
fugal force g and namely H=H} + H4. 

If, at equilibrium, mole fraction of isotope 
at the interface of liquid and vapor is denoted 
by x, it follows from 5 that 


ni ,(0) = Nox; (12) 
n} (0) = N(1 — xz) (13) 
then Eqs. 6 and 7 are rewritten as 
ni c(h!) = Noxg-exp(mgh' /kT) 
{x,-exp(mgh' /kT) 
(1—xzg)-exp(mgh'/kT) } 
N | 1 : =a -exp{(m—m,)gh' kT 
(14) 
ni g(h') = N\A —xe)-exp(megh'/kT) 
{xe-exp(mgh' kT) 
(1 -xe)-exp(megh'/kT) } 


x 
N | -exp{(m,—m.)gh' kT 
x 


and from 3, 4, 8 and 9 
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kT) (16) 
BT) (€%7) 


Substituting 14 and 16 into 10, and 15 and 17 
into 11, and integrating them, we obtain 


nj g(h*) = N)/Kr-xe-exp(—mgh 


ny g(h*) =Ni/Kr-xg-exp(—mgh 


Nx = NoS| x¢/Kr-kT/m,¢{1 m gHy /kT)} 


exp( 


H},—kT/(m 


Xg)/Xe-exp((m 
1+(1—xzg)/x 


m,)g 


xIn{" (1 


m,)gH, 


N(i—x)=NS| (l—x2)/Kr- 


kT/mgi\ 
kT /(m 
¥2/C1 


mgH3/kT)} 


exp( 
M2)gZ 


x,)-exp((m, — m( gH; 
1+X2/(1—<xXz) 


Calculation of Concentration Factor 
for Actual Cases 


Now, the change of composition of isotope 
in the mixture by distillation under centrifugal 
When g=0, Egs. 18 


force will be considered. 
19 become 


Nx= N,)Sx)(1/Kr:-H 
N(A-x)=NSU-x 


where H}, H} and x)* are the values of H}, Hz 
and x, when g=0 respectively. By Eqs. 18 
and 19 to 20 and 21 respectively and from the 


and 
(20) 


(21) 


H',) 
\(1/Kr-H H}) 


relation 


H,+HAS=H,t+ Hy 


may be obtained in princi- 
solution of these 


(22) 


the values of x./x 
ple. However, the 
equations is very complicated. 

In order to obtain a workable formula, we 
may expand the logarithm of the last terms in 
18 and 19 in powers of (m.—m,)gH2/kT, and 
the following relations are obtained 


x, Kr-|kT/mg-{1 mgH;/kT)} + H;| 
“1 —xyg)—Ul— x m)gH) kT 
X0(H3/Kr+H}) (23) 
(1—xe)/Kr- |kT/mg-{1—exp(—mgH}/kT )} 
Hh) +1/2-(x m)gH}/kT 
(1—x,)(A3¥/Kr+H}) 


If we assume that 


exact 


exp( 


yt Om, 


xz)(m 
(24) 


my) m 
H!=0.1 cm. 
g=— 10° dyn. 
T =~ 300-K 


By dividing 20 by 21, it follows that x x 
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then 
term of the 


the order of magnitude of the second 
left side of 23 or 24 is about 
1/2- | m—m,| x10- 15x10-° and can be 
neglected as being sufficiently small. Using 
the following notation 

(25) 


(26) 


Xg=x)(1+6) 
H;,= Hj + 4h, H}=Hj— 4h 

and adding 23 and 24, we obtain 
xo(1+6)kT/mig- |1—exp{ —m g(H5 
{1—x)(1+6)} kT /meg 

x1 mog( HY 


Jh)/kT}| 


dh) /kT}\ — Hy 
(27) 


exp{ 
-Krdh 
To obtain the approximate value of Jh, the 


mixture may be assumed to be of single 
component of mass m=nmyx)+me(1—x)), then 


kT mg{1—exp(—mgH}, kT)-(1+ mgth/kT) 
HY KyJh (28) 
The value of JA thus obtained is 


stituted into 23 and 24, and can 
from the relation 


kT mg-{1—(1 


then sub- 


we obtain 0 


mgth kT)exp( 
K7(H\, ~ Jth) 
mogth kT) exp 
Kr(H)} ~ th) 
I—x,.(1+6) 
(1—x))(1+0) 


ni gH; )} 


kT meg: {1—-(1 m gH ) 


(29) 


actual 
assume 


Now consider the value of 6 for an 
case. For example, consider UF; and 
that 

m, = 350, m2= 353 


Ky =300,* g=10' dyn. 


T=333°K,. # 7 =20cm., Hj =0.1 cm. 


VALUES Of AND THE 


ILON FACTOR (Xx x Xy 


TABLE I. CONCENTRA- 


0, X 
AS FUNCTIONS OF 


*35U F, IN 
107 dyn., 


ORIGINAL CONCENTRATION Xp OF 
38UF,—-UF, MIXTURE WITH g 
H=20cm. AND H}=0.1 cm. 
7) x" 
<10 
.O1 .95 .010205 
a 8 . 10186 
2 , . 20330 
. 30432 
.40493 
-30513 
.60491 
. 70429 
.80326 
.90183 
.0 .0 
The vapor is assumed to be an ideal gas, and the 


of vapor of 22.41. is divided by molar 
in liquid state 75.4 cc., to obtain 22.4/0.0754 


molar volume 
volume of UF 
297. 
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and 6 are calculated for x,=0.01, 0.05, 0.1 and 
0.9 and are shown in Table I. Using these 
values of 6 we can calculate the composition 
of the isotope mixture at the top of the box. 
The composition x,’ thus obtained is also 
shown in Table I. The concentration factors 
vy'/X) are about 1.02 and the concentration of 
the isotope may become quite efficient by the 
proper design of an apparatus for successive 
distillation. 


Summary 


Expressions for the distribution of the isotope 
mixture in liquid-vapor phase system under 
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centrifugal force were derived. By the use of 
these expressions, the efficiency of the isotope 
concentration was estimated for actual cases 
under accessible conditions. It was found that 
an efficient concentration of the isotope from 
their mixture was possible by the proper design 
of an apparatus for successive distillation. 


Government Chemical Industrial 
Research Institute, Tokyo 
Shibuya-ku, Tokyo 


Adsorbabilities of Diacidotetrammine Type Cobalt( III) 
Complex Ions on a Cation Exchanger’ 


By Motoshichi Mori, Muraji SHIBATA and Kuniko Hor! 


Received March 3, 


reported the separa- 
trans isomers of dinitro- 
ions by ion-exchange 
chromatography, the same kind of study has 
been extensively developed in our laboratory 
on other isomers of the diacidoteterammine 
type complex, and result it has been 
found that the trans isomers were, as a general 
rule, eluted faster than the corresponding cis 
isomers In the present work, some supple- 
mentary experiments for confirming the above 
rule are attempted by using the complexes 
which are relatively unstable in aqueous solu- 
tions. Furthermore, the adsorbabilities of all 
the complexes, including the previous ones, on 
a cation exchanger are compared. 


Since King ani Walter 
tion of the cis and 
tetramminecobalt (IIT) 


as a 


Experimental 


Complexes. — All the complexes were prepared 
according to the literatures», and their identity 
and purity were examined with the absorption 


1) Separation of metal complex isomers by the ion- 
exchanger, Part III Partly presented at the 10th Annual 
Meeting of the Chemical Society of Japan, Tokyo, April, 
1957. 

2) E. L. King and R. R. Walter, J. Am. Chem. Sac 
74, 4471 (1952). 

3) M. Mori, M. Shibata and J. Azami, J. Chem. Soc. 

l Pure Chem. Sec. (Nipoon Kagaku Zasshi), 76, 1003 


M. Mori, M. Shibata and M. Nanasawa, This Bulle- 
29, 947 (1956). 
!. C. Bailar and D. F. 
62, 105 (1940); A. Werner, Ber., 
48, 107, 111, 248 (1912) 


Peppard, J. Am. Chem. Soc., 
34, 1733 (1901); Ann. 386, 
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spectra in an alcoholic solution. The 
complexes used were as follows: the trans-cis and 


[Co en(NH,)-Cl.|Cl and the 
Coen.Cl.], [Co en.Br:.] Br 


aqueous 
cis-trans isomers of 
trans and cis isomers of 
and [Coens(NO;)CIICI. 

Elution Methods.—A column (1 +.10cm.) which 
contained 5g. of Ammberlite IR-120 (S0~100 mesh) 
in sodium form was used, and the sample solution 
was prepared in concentrations ranging from 0.01 
to 0.06 mM depending on the solubility of the com- 
plexes. Fifteen milliliters of each sample solution 
was applied to the column, and then the column 
was eluted with 0.15M sodium chloride ethanol- 
water (1:1) solution. The velocity of elution was 
0.5ml./min. Examination of the eluted 
was made by measuring the optical density of the 
eluted fraction at particular wavelengths. The 
ethanol-water solution was used as the eluant to 
minimize the aquation rections of the complexes. 

The measurement of the optical density was 
carried out with a Hitachi model EPU-2 spectro- 
photometer. 


species 


Results and Discussion 


The elution curve of a mixture of the 
isomeric [Coen(NH3).Cl.]* is shown in Fig. 
1, in which the measurement of the optical 
density was performed at an absorption maxi- 
mum and a minimum of the trans-cis ion 
(460 and 560myz). As is seen in the figure, 
an elution maximum for the trans-cis ion 
appears in the fraction 10 and one for the 
cis-trans ion in the fractions 20 and 21. When 
only the trans-cis complex was applied to the 
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column, the elution curve had its maximum 21. It is, therefore, clear that each portion of 

in the fraction 9 and dropped to zero at the the fractions 9—20 in Fig. | is, more or less, 

fraction 20. On the other hand, the cis-trans contaminated with both species. 

ion began to appear in the fraction 9 and The elution curves of ftrans- and _ cis- 

showed the maximum elution at the fraction {Coen,NO.Cl|* are shown in Figs. 2 and 3. 
The maximum concentration of the trans com- 
pound is observed in the fraction 8, and that 

- for the cis in the fractions 21 and 22. The 

| 

| 


015 
elution of a mixture of these isomers was 

3 examined, but the elution curve is omitted 
because the absorption spectra of both isomers { 
are quite similar, and hence no _ perceptible 


010 


Fendi 
ny 






peak was obtained. 

Figure 4 is the elution curve for trans- 
|\Coen.Br.| ~*~ and shows the elution peak in 
| the fraction 7. The experiment of the elution 

for the cis ion was unsuccessful because of 

the extremely low solubility of the complex. 

5 10 15 20 «25 30 «35 The elution curve for the isomeric [Coen 
Cl.| ~~ in a mixed solution is shown in Fig. 5, 
where the elution maxima are in the fractions 





Optical density 





Fraction number 


Fig. 1. Elution curve of ([Coen(NH,).Cl:|Cl 
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8 and 16. In the case of the individual solu- 
tion, the trans ion was eluted with the maxi- 
mum in the fraction 7 and finished its elution 
at the fraction 15, while the cis ion began to 
elute in fraction 5 and showed the maximum 
in the fraction 16. 

From these results, it is again found that 
the trans ion is eluted faster than the cis ion. 
Furthermore, it is possible to predict the 
relative adsorbabilities as follows: 


[Co en.NO.Cl] * < [Co en(NH3;) Cl] * 
For the cis ions, 
[Co en.Cl.] ~ << [Coen(NH;)2Cl.] * = 
{Co en,NO.C]l] * 
Now, we are in a position to discuss the 
relative adsorbabilities of all the complex ions 
studied in the present and previous papers’! 


TABLE I. COMPARISON OF ELUTION MAXIMA 
Fraction no. 
aes of elution 
Complex ion Eluant aon. 
trans cis 
Co en(NHs3)2Cl>1* . ie 10 21—22 
Co en:Cl.] * | 0.15 m NaCl s 16 
Coen:NO,Cl]* [alcoholic g*  21—22* 
. . “¢ aqueous soln. a 
Co en:Br2] ) ]* 
> : 7 a) 
Co en.Cle] | 0.5m NaCl +: 
Co en:(NOz)2] ° iqueous soln 6 17 
Co en:(NCS)>»]* saat : 5 14 
Co(NH,)4(NO2):] 0.5m NaCl 13 35 
Co enz(NOz):] aqueous soln. 11 31 





* Fraction number in individual solution 


\ 
{ ; 
For the trans ions, 
[Co en:Br2| * < [CoensCl.| * = 


Unfortunately, it was impossible to perform 
all of the elutions under identical conditions. 
It is, therefore, difficult to derive a definite 
adsorbability order directly, but it is possible 
to predict such an order from a comparison 
of the elution maxima (Table 1). 


For the trans ions. 
[Co en.(NCS).] * <[Coen:(NO:).] * = 
[Co en2Br2] * < [(Coen:Cl.] * = 
[Co en.-NO.C]] * < [Co(NH:;);,(NO_)>| * 
[Co en(NH;)-Cl] * 
For the cis ions. 
|Coen.Cl.] * < [Co en:(NCS)>| * - 
[Co en(NH;)-Cl.| * = [(Coen,NO.Cl] 
{Co en.(NO,).| ~ < {Co(NH:;);(NO_)>»| * 
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For the trans ions of the diacido-bisethylene- 
diamine complexes, the adsorbabilities increase 
in the order of the dithiocyanato-, the dinitro-, 
the dibromo- and the dichloro-complexes ; this 
trend may be attributed to the differences of 
the ionic radii of the complex ions since the 
distance between the cobalt and the ligand ion 
increases in the order Ci~, Br-, NO. and 
NCS On the other hand, such a trend was 
not observed for the cis ions. It must, how- 
ever, be said that the ammine-complexes always 
have a stronger affinity for a cation exchanger 
than the corresponding ethylenediamine-com- 
plexes; this also be due to the differences of 
size between ammonia and ethylenediamine 
molecules. 

In the present work, we wanted to study 
many complexes of the diacido-type, but we 
were limited by the solubility of the complexes. 
However, through all the experiments it is to 
be noted that this kind of technique is useful 
for distinguishing isomeric forms of complexes, 
apart from the practical separation of the 
isomers. 


Summary 


Additional elution experiments for confirming 
the fact that the trans ions of the diacido- 
tetrammine-type complexes are always eluted 
faster than the corresponding cis ions have 
been performed by using several diacido-type 
complexes which are relatively unstable. By 
comparing the elution maxima for the whole 
complex ions which have been used to date, 
the relative adsorbabilities of the isomeric 
ions on a cation exchanger have been predicted 
as follows: 

For the trans ions, 

{Co en.(NCS)>] [Co en.(NO.).| *= 
{Co en-Br.| * <|Coen-Cl.| * = 
{Co en-NO.Cl] * < [Co(NHs;);(NO._)>] 
[Co en(NH;).Cl.] * 

For the cis ions, 

[Co en-Cl.] * < 
{Co en(NH;)-Cl.] 
[Co en.(NO.,)>| 


[Co en.(NCS)>] 
~ |Coen.NO.Cl] * - 
|{Co(NH,);(NO_)>| * 


A part of the present work was supported 
by a grant-in-aid from the Ministry of 
Education. 
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The Beckmann Rearrangement of 1, 2-Cyclohexane-dione 
Dioxime in Liquid Sulfur Dioxide” 


By Niichiro TokuRA, Ritsuro TADA and Kunio YOKOYAMA 


(Received March 8, 


The Beckmann rearrangement of 1, 2-diketone 
dioxime has scarcely been reported on except 
in the case of benzil dioximes”. In the present 
article the authors wish to reports on the 
Beckmann rearrangement of 1, 2-cyclohexane- 
dione dioxime in liquid sulfur dioxide, which 
resulted in a variety of interesting products. 

Several examples of the Beckmann rearrange- 
ment, in which the directions of the course 
of the rearrangement were affected by differ- 
ence in the reagents applied or conditions used 
have been published. In a report of Brown, 


van Gulic and Schmid», for instance, the 
migratory aptitude of pivalophenone oxime 
was found to be largely dependent upon the 


nature of the reagent applied, the oxime being 
subjected to geometrical isomerization before 
rearrangement The present authors have 
also observed that the Beckmann rearrangement 
of 1,6-cyclodecanedione dioxime yielded dif- 
ferent products accoding to the different 
reagents used in the rearrangement. Such 
complicated results have also been reported by 
McLaren and Schacht’, and Yukawa and his 
associates However, one of the anomalies 
during the rearrangement, the occurrence of 
the syn-anti isomerization of the oximes before 
the rearrangement, can be largely reduced as 
Was reported ina recent article”? if the reaction 
is conducted in liquid sulfur dioxide. 

In a preceding paper the present authors 
reported on their unsuccessful attempt at the 
Beckmann rearrangement of 1, 2-cyclohexane- 


dione dioxime (1) with thionyl chloride in 
N-OH 
Br 
] - NH 
ig. SO CO O¢ 
1) The Beckmann Rearrangement in Liquid Sulfur 
Dioxide. Part VIII. 
2) J. Meisenheimer and W. Lamparter. Ber., 57, 276 
(1924). 
3) R. F. Brown, N. M. van Gulic and G. H. Schmid, 
J. Am. Chem. Soc., 77, 1094 (1955) 
4) N. Tokura, R. Tada and K. Suzuki, This Bulletin, 


32, 654 (1958). 


yc! 
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liquid sulfur dioxide. They obtained only a 
dehydrated product, cyclohexano|[c]-l, 2, 5- 
oxadiazole (II) in a yield of 70 per cent. 


NOH N 

O 
NOH N 
I I 


Although the reaction with thionyl chloride 
was unfruitful, however, the bromine in liquid 
sulfur dioxide and the sulfur trioxide in sulfur 
dioxide afforded the rearranged products with 
which the present paper is concerned. 


As 1,2-cyclohexanedione dioxime (I) has 
not been found to have geometrical isomers 
and as the various reagent examined in this 


material have given no symptom of the pres- 
of geometrical isomers, the problem of 
the possible isomer was excluded in this ex- 
periment. In view of the authors’ experience 
with the Beckmann rearrangement, it is inter- 
esting to examine the formation of the three 


ence 


possible cyclic acidamide III, IV, V or the 
mixture of these compounds in the reaction 
products. But the transformation to any of 


these three has not been observed. 


.. ( () NH 
NH \H CO) 
NH CO CO 

CO NH NH 

Il IV Vv 


Bromine in liquid sulfur dioxide yielded a 


half-rearranged product as follows: 


HOOC CH, 
NH,Cl 
NH,OH-HCI 


or )H W 


= 


co ; 
NH conc. HCI a 
CO NH,Cl 
V1 
5) A. D. McLaren and R. E. Schacht, J. Org. Chem., 
14, 254 (1949). 
6) Y. Yukawa, “‘Jikken Kagaku Koza”, Vol. 18, 


Maruzen, Tokyo (1958), p. 426. 

7) R. Tada, Y. Masubuchi and N. 
tin, 34, 209 (1961). 

8) Part VII of this series, 


Tokura, This Bulle- 


This Bulletin, 34, 270 (1961). 
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The product was contaminated with a large 
amount of brown resinous matter from which 
white crystalline substances VI were isolated 
by acetone extraction ina yield of 32 per cent. 
A very small amount of II was also found in 
the mixture. The substance VI, m.p. 155°C, 
was soluble in water, acid, base, ethyl alcohol 
and acetone respectively but was insoluble in 
ether, benzene and chloroform. When VI was 
subjected to hydrolysis with concentrated 
hydrochloric acid, adipic acid, ammonium 
chloride? and hydroxylamine hydrochloride 
were identified in the reaction mixture; no 
hydrazine salt was found in the mixture"! 
however, the infrared spectrum of VI also 
proved the presence of OH and NH (2900~ 
3200cm~', strong and broad) and carbonyl 
(1620~1600cm~', strong) groups. Moreover, 
the NMR spectrum of VI in dimethylsulfoxide 
confirmed the presence of =NOH and =NH, as 
in Fig. 1’. The peak of the oximine group 
was consistent with that of cyclohexanoxime, 
and the very low and broader absorbancy in 
the higher field corresponded to that of the 
imino group. 


DMSO 
NOH =NH } 
— 4 
30. 233 0.0 cps 


Fig. 1. NMR spectrum of VI in DMSO 
c.p.s. was taken with that of DMSO 
as standard. 


Thus the structure of VI was established as 
1-aza-7-oximinocyclohepta-2-one. In order to 
effect the rearrangement of the remaining 
oximino group of VI, VI was further subjected 
to a reaction with thionyl chloride in ether. 
The resultant product seemed likely to be 
adipic imide (VII)', the oximino group being 
eliminated from VI without accepting further 
rearrangement. The hydrolysis of VII with 
concentrated hydrochloric acid afforded adipic 
acid (VIII) and ammonium chloride. The in- 
frared spectrum of VII was agreeable with that 
of cyclic imide as reported by Vegstky et al.’ 

The attempted rearrangement with sulfur 
trioxide in liquid sulfur dioxide was accom- 
panied by a large resinous matter. By extract- 
ing the viscous reaction mixture with ether, 


9) By Nessler reagent 

10) W. Hirscher and J. A. Verboeff. Chem. Abstr., 17 
2845 (1923). 

11) L. Szebelledy and V. Madis, ibid., 31, 6128 (1937 

12) The NMR spectrum was taken by the courtesy of 
Prof. T. Isobe 

13) E. N. Zilbermann,. Chem. Abstr., 50, 8458 (1956) H 
K. Hall, Jr. and A. K. Schneider, J. Am. Chem. Soc 80 
6411 (1958). 

14) A. Vegstky, K. Harada and S. W. Fox, J. Am. Chen 
Soc., 80, 336 (1958). 
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an orange oil (IX) was obtained. The oil 
boiled at 181~183-C 17 mmHg, and its yield 
was 23 per cent. 
SO. NC-(CH2),-COOH cone-HC! \ 14 
lig. SO NH.OH 


IX 


The compound IX was identified as 6-cyano- 
valeric acid from the elemental analysis, the 
infrared spectrum, the hydrolysis to adipic acid, 
the esterification and the saponification value 
of the ester. The present authors also found 
hydroxylamine in the residue of the reaction 
mixture by the diacetyl] monoxime method 
Thus, the cleavage of I to IX seems likely to 
pass through an intermediate, 1, 2-cyclohexane- 
dione 2-monoxime (X), which might be derived 
through partial hydrolysis of an oximino group 
of I, the so-called Beckmann rearrangement of 
the second order being followed. An alterna- 
tive explanation is also conceivable and will 
be discussed later. 


Experimental 


Materials.—Commercial sulfur dioxide was dried 
with concentrated sulfuric acid! and distilled. 

Bromine was dehydrated with concentrated sul- 
furic acid and distilled. Sulfur trioxide of extra 
pure grade was used without further purification. 
1,2-Cyclohexanedione dioxime (I) was synthesized*® 
from  2-halo-cyclohexanone by reacting with 
hydroxylamine in yields of 10 to 34 per cent. 

Infrared Spectrum.—A Perkin Elmer model 21 
infrared spectrophotomer was used. 

NMR Spectrum.—A Varian Associates’ type V 
4300 (40 mc.) nuclear magnetic resonance spectro- 
meter was used. 

Reaction of Bromine on I.—The dioxime(I) 
(14.2g.) and bromine (35.2g.) were reacted in 
150 ml. of liquid sulfur dioxide at room temperature 
for one hour. When the reaction was over, the 
solution was poured into ice-water, the sulfur 
dioxide was evaporated and the residue was ex- 
tracted with ether. From the ether extract, color- 
less crystals were obtained after the condensation 
of the solution. This substance was identified as 
cyclohexano-[c]-1,2,5-oxadiazole (II), which had 
already been produced and confirmed by the reac- 
tion of thionyl chloride on I in liquid sulfur 
dioxide», by its m.p. and mixed m.p. of 25.5~ 
26.0°C: the yield was 0.6g. (4%). The residual 
solution was neutralized with sodium carbonate 
and extracted with chloroform. Seven grams of 
resinous material was obtained from the solution, 
but the nature of this material was obscure. 

The residual solution of the chloroform extraction 
was condensed in vacuo and triturated with acetone. 
On [the evaporation of acetone, 4.6g. (32%) of 
colorless crystals resulted. This crystal, VI, melting 
at 155 C (from water or ethyl alcohol), was soluble 
in jwater, acid, base, ethyl alcohol and acetone 


respectively but was insoluble in ether, benzene and 


15) D. Murakami and N. Tokurz 
(1958 
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chloroform. The elemental analysis showed no 
difference to the starting oxime I, suggesting that 
a rearrangement was undertaken in this reaction. 

Found: C, 51.21; H, 6.85; N, 19.68. Caled. 
for CeH,O2N.: C, 50.69; H, 7.07; N, 19.71%. 
IR vk#r 2900~3200 (strong and broad, -OH and 
NH); 1660 (strong and broad, =CO) and 1626 
weak, -C=N) cm~', respectively. 

Hydrolysis of VI.--VI (2.0g.) was refluxed for 
2hr. in concentrated hydrochloric acid. After the 
reaction, the colorless needles (III) so produced 
were filtered and recrystailized from ethyl alcohol, 
1.1 g., m.p. 1SI~152°C. The mixed melting point 
with adipic acid showed no depression. 

Found: C, 49.46: H, 6.94. Calcd. for C,H,,O;: 
C, 49.31: H, 6.90%. 


The filtrate was evaporated to dryness This 
residue contained ammonium chloride (Nessler 
test). Also hydroxylamine hydrochloride was 


identified No hydrazine salt was found in the 
residual mixture! 

Reaction of IV with Thionyl Chloride.--VI(0.5 g.) 
was refluxed in ether (20 ml.) with thionyl! chloride 
(0.5g.) for fifteen minutes. The reaction mixture 
Was poured into ice-water, and white powder (0.2 
g.), m.p. 166.5 C., was yielded by the ethereal 
solution. This compound VII was assumed to be 
adipic acid imide from the elemental analysis, the 
infrared spectrum and the hydrolysis with con- 
centrated hydrochloric acid to adipic acid (VIII), 
the melting point and the mixed melting point 
being 152 C. 

Found: N, 1030, Caled. for CsHsO.N: N, 
11.02%. IR »v*8r 3200 and 3350, (strong, =NH), 1700 
(=-<CO) and 2950 (-CH:,) cm 
the reaction mixture of the hydrolysis, after the 
filtration of the afforded adipic acid, neither hydra- 
zine nor hydroxylamine salt was identified by the 


respectively. From 


procedure described above. 

Reaction of I with Sulfur Trioxide.--I (7.1 g.) 
and sulfur trioxide (10.0 g.) were reacted in 100 ml 
of sulfur dioxide for one hour at room temperature. 
The reaction mixture was poured into’ ice-water, 
after which the sulfur dioxide was allowed to 
evaporate and was then extracted with ether. The 
ethereal solution was washed with water, dried and 
evaporated. An orange-colored liquid (IX), boiling 
at 181~183 C/17 mmHg, nij =1.4452, 1.6g. (232), 
was obtained and identified as d-cyano-valeric acid, 
(literature!®, b. p. 15S8~160 C/5 mmHg, n}?— 1.4481). 

The residual solution after the extraction con- 
tained a large amount of resinous matter which 
could not be further examined. 

Found: N, 10.53. Caled. for CsHsO.N: N, 
11.02%. IR via, 3000~3300 (strong and broad, 
OH), 2260 (medium, -CN) and 1700 (strong, =<CO) 
cm-!, respectively. 

Hydrolysis of IX—-IX(0.3g.) was reacted with 
3 ml. of concentrated hydrochloric acid by refluxing. 
On cooling of the reaction mixture, colorless 
needles were obtained in the mixture, which on 
admixture with adipic acid (VIII) showed no de- 
pression of the m.p. of I15SI~152-C. 

Esterification of IX.--IX(2.0g.) and two drops 
of concentrated sulfuric acid in 4ml. of absolute 
ethyl alcohol were refluxed for 24hr. The mixture 
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was then mixed with water, and the separated oil 
was dried and distilled. An oil of b. p. 252~256 C 
760 mmHg, (reportedly' 145~150 C/24 mmHg), 
was obtained. This oil was consistent with ethyl 
6-cyano-valerate. 

Found: C, 60.83; H, 8.37: N, 8.44, Caled. for 
CsH,;,0O.N: C, 61.91; H, 8.44; N, 9.03%. Sapon. 


value, Found, 706.5, Calcd., 722.5. 
Discussion 


When I was reacted with three different 
reagents, thionyl chloride, bromine and sulfur 
trioxide respectively, in liquid sulfur dioxide, 
for one hour at room temperature, three dif- 
ferent products were obtained, viz., cyclo- 
hexano|c]-1l, 2, 5-oxadiazole (II), |-aza-7-oOx- 
imino-cyclohepta-2-one (VI) and d-cyano-valeric 
acid (IX) respectively, among which the first 
has been presented in a preceding paper”? 

I 
liq. SO 


SOocl Br So 
II i IX 

If the reactions were performed without 
sulfur dioxide, no such simple product was 
obtained. Thus, thionyl chloride yielded much 
resinous matter, and II was obtained in a yield 
of zero to ten per cent. Bromine afforded only 
nitrosobromo compound, the presence of which 
was recognized by the blue color formation. 
Sulfur trioxide also produced a large amount 
of resin. This means that the reaction in 
liquid sulfur dioxide was greatly favored by 
the assistance of the solvation of this solvent, 
which enabled the reaction to be carried out 
at a lower temperature and to avoid various 
side reactions. 

The results obtained above may be useful 
to enhance our understanding of the mechanism 
of the Beckmann rearrangement in liquid sulfur 
dioxide. Not only were the three products 
different, but the features of the respective 
processes were entirely different. 

They were a dehydrative condensation, a 
Beckmann rearrangement of one of the two 
Oximino groups, and a ring cleavage reaction 
respectively. The Beckmann rearrangement of 
1,2-diphenyl-l,2-dione dioxime (benzil di- 
oxime) which reportedly consisted of three 
geometrical isomers, has already been re- 
ported’. According to Meisenheimer and 
Lamparten?, the j3-isomer of XI afforded 
oxanilide XII, both of the two oximino groups 
rearranging, whereas a- and ;-isomers yielded 


16) R. H. Wiley and H. S. Morgan, Jr., J. Org. Chem., 
15, 800 (1950); W. Reppe, Ann., 596, 127 (1955). 

17) a) K. Awers and V. Meyer. Ber., 21, 810 (1888). 
b) E Beckmann and A. Koster, Ann., 274, 18 (1893). 
c) E. Gunther, Ber., 21, 516 (1888); Ann., 257, 276 (1889). 
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3, 5-diphenyl-1, 2, 4-oxadiazole (XIII), a product 
of one Oximino group rearrangement followed 
by dehydration. The reagent used were thionyl] 
chloride and phosphorus compounds. 


C;H;-C-C-C,.H >» CsH;s NHCOCONHC,H:- 


NN XI 
00 C;H;-C-N 
oe N C-C.H 
XI O 

XIII 


That a simple dehydration occurred by 
thionyl chloride from I to II indicates that 
the rate of the Beckmann rearrangement of I 
with thionyl chloride was much less than the 
rate of condensation with the same reagent in 
liquid sulfur dioxide. In such a cyclic dioxime 
as I, the steric impedence by the ring enlarge- 
ment, if it arose, would be considerable. On 
the other hand, in the case of XI, no steric 
hindrance was anticipated, and the formation 
of azilinium cation favorable for the Beckmann 
rearrangement may be greatly assisted by the 
participation of the phenyl group. 

The predominance of the condensation reac- 
tion between the two competitive reaction is 
1 result of the nature of the reagent (thionyl 
chloride). A= O-SOCI group formed from a 
reaction between thionyl choride and a oximino 
group will easily produce a sulfite linkage XIV 
by reacting with another oximino group, for 
these two groups are occupying positions very 
close to each other. Consecutively, the forma- 
tion of a sultone via the Bissinger rearrange- 
ment’ and the conversion of the sulfite to II 
by elimination of the sulfur dioxide molecule 
would be undertaken. Very recently, Gillis 


N-OH N-OH 
I : 
N-OH ' - S 
N-OS O 
yy, 
OS © 
N-O N-O 
sO -> » II-—SO, 
N-O N-SO, 
XIV 


has reported the formation of tetrahydrofuran 
from 1,4-tetramethylene glycol with thionyl 
chloride via the sulfite. The derivation of II 
from I closely resembles this furan formation. 

Here, the behavior of bromine in liquid 
sulfur dioxide is very interesting. When the 


18) W. Bissinger, F. E. King and C. W. Hamilton, J. 
im. Chem. Soc., 70, 3940 (1948). 
19) R. G. Gillis. J. Ov. Chem., 25, 651 (1960) 
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reagent is bromine only, without sulfur dioxide, 
the bromine cation will attack the nitrogen 
atom of the oxime: 


R OH R OH 
C=N > C=N 
R' R' Br 
Br~ Br Br 
R OH R, OH 
C-N > R'SOC-N 
R' Br Br Br 
Br HBr 
R : NO 
Cc 
R' Br 
XV 


Producing a nitroso bromo compound XV 
which is. characteristically blue in color. 
However, the bromine in sulfur dioxide 
may attack the oxygen atom of the oxime, 
since the voluminous SO.-solvated bromo-cation 
is liable to prefer the oxygen atom to the 
nitrogen atom; this would be followed by the 
rearrangement : 


SO. Br Br-SO Br-SO 
R R 
C-N > C=-N Br-SO, 
R OH R' 
} BrOH 
Br-SO. SO. 
Br-SO. 
H.O 
R'-C-N-R Amide 


The reason why only one of the two oximino 
groups will accept the rearrangement is perhaps 
due to the steric hindrance. 

Generally speaking, the attack of hydrogen 
acid causes some complex results in the at- 
tempted Beckmann rearrangement. The side 
reactions are the isomerization”’’’ of the oxime 
and the deoximation of the oxime (ketone 
formation) The origin of both arises from 
the same source, the formation of a carbonium 
ion, XVI: 


R OH R OH 
C=N , C=N 
R' HX R' H 
R OH R' OH R' OH 
> C-N > C=N > C=N 
R' H R H R 
XVI HX 
| Isomerization 
R OH H.0 R OH H.O 
c-N , Cc NH.OH *RCOR' 
R' yx H R' X 


Deoximation 


20) N. Tokura, R. Asami and R. Tada, J. Am. Chem 
Soc., 79, 3135 (1957). 

21) R. Tada, Y. Masubuchi and N. Tokura, This Bulletin, 
34, 270 (1961) 
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There are many examples of carbonium ion 
formation from oxime with hydrogen acid, 
such as hydrochloric acid, sulfuric acid and 
hydrogen cyanide Such a carbonium ion 
(XVI) cannot undertake the Beckmann rear- 
rangement. To carry out the rearrangement, 
an ion-pair formation 


N-O NO 
between the two atoms is necessary 

The cleavage of I to IX is presumed to pass 
through an intermediate, 1, 2-cyclohexanedione 
monoxime (X), which may result from a partial 
deoximation of I, the so-called Beckmann 
rearrangement of the second order being fol- 
lowed (path A). A small amount of water 
remaining in the solvent (sulfur dioxide) may 
be responsible for the deoximation by serving 


as a source of the proton, 
SO;,— H.O— H* +SO,H 


An alternate path B might be considered. 





=N-OH } 
we \ ae O J : 
I PathA = . 
. ( 7~=N-OH ) * 
| L NH | - 
PathB 40 J 


However, path B must be ruled out because 
this route cannot explain the 
hydroxylamine in the reaction mixture. 

The dioxime I has two oximino group steri- 
cally interferring with each other, and the elimi- 
nation of one of the oximes would be a natural 


consequence. It is a plausible conclusion that 
I was cleaved to IX, via the stage of cyclo- 
hexanedione monoxime (X), the deoximation 


being effected by sulfuric acid mentioned above. 
As the result of the material balance of the 
IX formation, a large amount of resinous 
matter was recognized. Such a resinification 
by a dehydration reaction would supply enough 
water to make the proton source available for 


22) O. L. Brady and E. P. Dunn, J. Chem. Soc., 109, 656 
(1916); G. Munch, Ber., 29, 62 (1896). 

23) M. Kuhara, Y. Toda, Memoirs Col. Kyoto Univ., 2 
387 (1910). 


presence of 
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the deoximation. The Beckmann rearrangement 
of the second order, a well-discussed pheno- 


menon’»?, may be explained as: 

a 
R-C-C-R' — R-C-C-R' — R-C-C-R' 
on ™ OWN ON 

OH H OH ° H OH 
H 
>R-CO R'CN + RCOOK R'CN 


Summarizing the above discussion, the forma- 


tion of d-cyanovaleric acid (XI) may be 
visualized as: 
I N-OH =N-OH 
N*-OH -N-OH 
H H 
[“\=N-OH | 
O x 
u 4 
X 
Summary 
Three different reagents, thionyl chloride, 


bromine and sulfur trioxide in liquid sulfur 
dioxide were reacted on 1, 2-cyclohexanedione 
dioxime to yield cyclohexano |[c]-1, 2, 5-oxadia- 
zole, 1-aza-7-oximinocyclohepta-2-one and 6- 
cyanovaleric acid respectively. Only the 
bromine in liquid sulfur dioxdie effected the 
Beckmann rearrangement. Thionyl chloride 
caused a dehydrative condensation, as has been 
reported previously. Sulfur trioxide yielded a 
product resulting from a deoximative cleavage. 
The reasons for the different processes and the 
different products have been discussed. 


The authors are grateful to Befu Chemical 
Industries Inc., for the donation of liquid 
sulfur dioxide. 
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24 D. Murakami and N. Tokura. This Bulletin, 31, 1044 
(1958); R. T. Conley and F. A. Mikulski, J. Org. Chem 
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Studies of Violanthrone B. I. Reduction and Oxidation of 
Violanthrone B” 


By Junji AOKI 


(Receivied March 18, 1961) 


When benzanthrone (I) is fused with potas- 
sium hydroxide in the presence of phenol or 
sodium acetate, by its own condensation, viol- 
anthrone (II) is obtained; this substance is 
very useful as a vat dye. On the other hand, 
as a by-product, a black violet compound 
which is worthless as vat dye is obtained; this 
compound is barely vattable at 65~70°C. This 
worthless compound was found by the study 
of Maki and denoted as violanthrone B 
Further, he suggested III as its formula 
with one carbonyl group. Although this as- 
sumption has been partially confirmed by 
studies on the condensations of benzanthrone 
derivatives by Maki and Nagai”, there remain 
many doubtful points. Furthermore, recently 
it has been found by Akamatu and Maekawa 
that this substance was paramagnetic and that 
it may be a new radical compound to be known 
as formula X. Their studies are quite interest- 
ing and valuable in the field of the chemistry 
of this polynuclear system. 

From the result of elementary analysis and 
the preparation of the leucobenzoate (IV) 
which was obtained by the author by the 
addition of benzoyl chloride to the vat solu- 
tion, it has been found, however, that this 
substance has only one carbonyl group. Fol- 
lowing the reduction technique of Clar, in 
Which violanthrone A‘? was reduced to viol- 
anthrene A (V) with zinc dust in the mixed 
flux of zinc chloride and sodium chloride, the 
author obtained the reduction product from 
violanthrone B. This compound resembles 
violanthrene A, which shows a strong yellow 
green fluorescence in organic solvent and is 
green when dissolved in concentrated sulfuric 
acid. It is, however, evident that this substance 
is apparently different from violanthrene A; the 


l Read befroe the 13th Annual Meeting of the Chemical 
Society of Japan, April, 1960 

2) T. Maki, J. Chem. Se Ind., Japan (Kéey6 Kwagaka 
Zasshi), 35, 1441 (1932); Chem. Abstr., 27, 1629 (1933) 

3) T. Maki, ibid., 38, 1390 (1935); Chem. Abstr., 30, 2008 
1936); T. Maki and A. Kikuchi, ibid., 43, 763 (1940); 
Chem fhstr., 35, 1783 (1941) ; Y. Nagai et al., ibid.. 47, 
§29 (1944 

4) H. Akamatu and T. Maekawa, Presented at the 
13th Annual Meeting of the Chemical Society of Japan 
April, 1960 

5) E. Clar, Ber., 72, 1648 (1939) 

6) “A” is used to 
pound 


distinguish it from the B-com- 
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reduced compound is more soluble than vio- 
lanthrene A in organic solvent and the melting 
point of the former is 344°C (corr.). while 
that of the later is higher than 360°C’. In 
addition, this compound is not identical with 
isoviolanthrene (IX) either, the reduction 
product of isoviolanthrone (VIII) prepared by 


7 E. Clar, Ber., 76, 458 (1943 
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the bimolecular self condensation of 3-chloro- 
benzanthrone (VII), because isoviolanthrene is 
yellow green rather than green when dissolved 
in concentrated sulfuric ‘acid and melts at a 
temperature higher than 360°C From the 
results of his chemical analysis, the author has 
concluded that the reduction product is a new 
hydrocarbon having a “dibenzanthrene” type 
skeleton. We denote this hydrocarbon viol- 
anthrene B (VI). 

When violanthrene A was oxidized with 
dilute sulfuric acid and potassium bichromate, 
the author obtained violanthrone A. In an 
effort to obtain violanthrone B, violanthrene 
B (VI) was oxidized, but violanthrone B (III) 
was not obtained. The oxidized product is 
readily vattable at 30°C and cotton is dyed in 
it a dark violet. The result of elementary 
analysis suggested that it may be a quinone 
of a dibenzanthrene type. This assumption 
was confirmed by the author, who synthesized 
its leucodibenzoate at m. p. 335~336°C (corr.). 

However, he has found the more interesting 
fact that the quinone can also be prepared 
from violanthrone B (IIL) by a similar opera- 
tion. Further, from this quinone violanthrene 
B (VI) was obtained again by zine dust fusion. 

In conclusion, it is reasonable to suppose 
that all derivatives from vieclanthrone B have 
the same polynuclear skeleton, but not those 
of violanthrene A and isoviolanthrene A. 

On the other hand, it has been contirmed 
by the author that violanthrone B has only 
One carbonyl group, and further, it has been 
reported by Nagai et al. that the 6-position of 
benzanthrone contributes to the formation of 
the B-compound’’. Consequently, the hypothetic 
skeleton (IV), submitted by Maki, coincides 
with the above facts, but the isomeric formula 
XI must also be re-considered for the same 
reason. A detailed discussion will be presented 
in a later report. 


Experimental 


Violanthrone A (II) and Violanthrone B (III). 

These substances were prepared by the operation 
stated in Maki’s paper*, but for the purpose of 
increasing the yield of B-compound, the condition 
of the alkali fusion was somewhat modified as 
below. Benzanthrone (I) (10.0g.) was fused with 
40g. of 85°, potassium hydroxide and 4.2g. of 
phenol at 220°C for 30 min. (Ref. 2: 81%. potassium 
hydroxide, 12.4g. of phenol, 1 hr.). 

Violanthrone A was obtained as one product, 
vattable at 55°C and insoluble in chlorobenzene. 
Yield, 2.5g. of violet black powder. The con- 
centrated sulfuric acid solution shows a pure violet 
color. 

The other product, which was _ barely 
and insoluble in glacial acetic acid, was violanthrone 
B. Yield, 5.4g. of violet black powder. It is 


vattable 
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soluble in concentrated sulfuric acid as a blue 
color™. 

Found: C, 91.47; H, 4.35. Calcd. for C3,H:,0 


(III): C, 92.28; H, 4.10%. 

Leucobenzoate of Violanthrone B (1V).—Viol- 
anthrone B (III) (0.50g.) was vatted by heating 
with 10g. of sodium hydroxide, 10g. of sodium 
hydrosulfite and 200ml. of water at 70°C and 5g. 
of benzoyl chloride was added. The mtxture was 
shaked without heating for 2hr. After being 
allowed to stand overnight, the precipitate was 
collected and washed neutral Yield, 0.50g. of 
dark brown powder. The product was recrystallized 
from xylene-petroleum ether, giving red brown 
needles, m.p. 327~328°C (uncorr.), 340~341°C 
(corr.). The product is soluble in organic solvent 
with a strong yellow green fluorescence and in con- 
centrated sulfuric acid solution shows at first a 
blue color and then a blue green. 

Found: C, 89.92; H, 4.19. Calcd. for C4;H22O2 
IV): C, 90.09; H, 4.062<. 

Violanthrene B (VI).— Two gram of violan- 
throne B (III) in the form of fine powder, was 
kept with 2.0g. of zinc dust in the mixed flux of 
10g. of zine chloride and 2.0g. of sodium chloride 
at 260°C for 20min. Then the mixture was treated 
with 300 ml. of water and the insoluble material 
was filtered off. To remove the excess of zinc dust, 
it was suspended in 100ml. of water and 30 ml. of 
concentrated hydrochloric acid was added. After 
being kept overnight, the insoluble was collected 
and washed neutrai. The crude reduction product 
1.8 g.) was sublimated in a high vaccum (10-3~10~4 
mmHg) and recrystallized from 100 parts of o-di- 
chlorobenzene, giving orange red needles, m. p. 
328-C (uncorr.), 341°C (corr.). This product is 
soluble in organic solvent with a strong yellow 
green fluorescence, and in the concentrated sulfuric 
acid solution shows at first blue and then green, 
after which it changes no more. 

Found: C, 95.56; H, 4.32. 
Vi): ©, 95.75; H,. 4.25%. 

Violanthrene A (V).—Synthesis was carried out 
by a method similar to that used for VI. The 
crude product (1.8g.) obtained from 2.0g. of 
violanthrone A (II), was sublimated in high vaccum 
and refluxed with 100g. of o-dichlorobenzene for 
30min. The small amount of soluble impurities 
was removed by hot filtration. Yield, 0.6g. of 
brown red crystalline powder, m.p. 476~478°C 
(uncorr.)! This substance is only with difficulty 
soluble in organic solvent and in a concentrated 
sulfuric acid solution shows green color. 

Isoviolanthrene A (IX).—Synthesis was carried 


Calcd. for C3sHis 


out by a method similar to that used for V. Yield, 
32%, from isoviolanthrone (VIII). Dark red crys- 


talline powder, m. p. 506~508°C (uncorr.)'. The 
product is only with difficulty soluble in organic 
solvent and appears as a yellow green coloration in 
concentrated sulfuric acid. 

Oxidation of Violanthrene B.—To a solution of 


8) The sample was purified by means of chromato- 
graphy on anhydrous sodium carbonate from o-dichloro- 
benzene. 

9) Cf. also Ref. 5 
10) Ref. 7, m. p. 478°C. 

11) Ref. 7, m.p. 510°C. 


ut 
1€ 
of 


or 
es 
of 


December, 1961] 


1.00g. of violanthrene B (VI) in 30ml. of con- 
centrated sulfuric acid was added, with cooling, 
30 ml. of water. After cooling till the room tem- 
perature, 1.0g. of potassium bichromate, which had 
been dissolved in 20 ml. of water, was added. The 
mixture was stirred for 3hr. on a boiling water 
bath and, after being diluted with 300 ml. of water, 
was filtered. The unchanged VI was separated as 
the insoluble part by treating it with a 2%. alkaline 
hydrosulfite solution at 30°C, and 0.95g. of the 
Oxidation product was obtained from the violet 
filtrate by air oxidation. The crude product, finely 
powdered, was boiled with 300g. of o-dichloro- 
benzene with reflux for 2hr., and insoluble im- 
purities was removed by hot filtration. The filtrate 
was evaporated to a volume of about 100 mI. for 
crystallization. The crystal (0.65g.) formed was 
recrystallized from chlorobenzene, giving black 
violet needles, melting point higher than 360 C. 
The product shows pure blue when dissolved in 
concentrated sulfuric acid and reddish violet in 
a hot organic solvent, but it is readily vattable at 
30 C while III is with difficulty vatted even at 60°C. 

Found: C, 88.74; H, 3.83. Caled. for C3sH;O2 ; 
C, 89.46; H, 3.53 

Leucodibenzoate.--The oxidation product (0.50 
g.) was vatted by heating with8 g. of sodium 
hydroxide, 10g. of sodium hydrosulfite and 200 ml. 
of water at 50 C and 5.0g. of benzoyl chloride was 
added. The mixture was shaked without heating 
for 2hr. and allowed to stand overnight. The 
precipitate was then collected and the unchanged 
substance was removed by treating with an alkaline 
hydrosulfite solution as the insoluble part. The 
crude product (0.45 g.) was recrystallized repeatedly 
from o-dichlorobenzene-petroleum ether, giving 
orange brown needles, m.p. 322~323 C (uncorr.), 
335~336-C (corr.). This product is only with dif- 
ficulty soluble in alcohol, when dissolved in benzene, 
xylene and o-dichlorobenzene gives a strong yellow 
green fluorescence, and in a concentrated sulfuric 
acid solution gives a bluish green coloration. 

Found: C, 85.96; H, 3.93. Calcd. for Cs.H-.0,: 
C, 86.47; H, 3.93%. 

Oxidation of Violanthrone B.—By an operation 
similar to that used for VI, 2.00g. of violanthrone 
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B (III) was oxidized evith 2.0g. of potassium 
bichromate and diluted sulfuric acid, and 1.65 g. of 
crude product was obtained from an alkaline hydro- 
sulfite vat as the soluble part (the insoluble, 
0.30g.). It was boiled with 300g. of o-dichloro- 
benzene, and 1.00g. of violet black needles of a 
melting point higher than 360 C were obtained from 
the filtrate after hot filtration. The product was 
easily vattable, was soluble in concentrated sulfuric 
acid, appearing as a pure blue color, and _ its 
absorption spectrum and leucobenzoate are identical 
with those of the oxidation product of violanthrene 
B. 

Reduction. — By zine dust fusion 0.20g. of the 
above mentioned quinone was reduced. The crude 
product was purified by sublimation in high vacuum 
and recrystallization from o-dichlorobenzene. Yield, 
0.06g. of orange red needles, m.p. 326~328°C 
(uncorr.). This product was identical with viol- 
anthrene B (VI). 

Oxidation of Violanthrene A.—-By an operation 
similar to that used for VI, 1.00g. of violanthrene 
A was oxidized with 1.0 g. of potassium bichromate 
and diluted sulfuric acid. The crude product was 
treated with 3%, alkaline hydrosulfite solution at 
60°C, and the unchanged substance was removed 
as the insoluble. From the red violet filtrate, 
0.85 g. of the oxidation product was obtained. It 
was boiled with 100g. of chlorobenzene for 1 hr., 
filtered and dried. Yield, 0.80g. of violet black 
powder, melting point higher than 360°C. The 
product was soluble in concentrated sulfuric acid, 
giving a pure violet color, and, further, any other 
properties were also identical with those of viol- 


anthrone A (II) (Found: C, 89.11; H, 4.0322). 


The author wishes to express his thanks to 
Professor Hideo Akamatu, Professor Hiroo 
Inokuchi and Professor Yoshio Nagai for their 
kind advice. He is also indebted to Mr. Shozo 
Masuda for carring out the analyses. 


Department of Chemistr) 
Fa utly of Science 
Toho Universit) 
Narashino, Chiba 
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Reduction of Isoviolanthrone B 


By Junji AOKI 


(Received March 18, 1961) 


As described in a previous paper’, the re- 
duction of violanthone B resulted in obtaining 
the new condensed aromatic hydrocarbon, 
violanthrene B. Generally, when the method 
of alkali fussion on benzanthrone (1) deriva- 
tives (except 3-position) is applied for the 
purpose of obtaining the vat dyes of the vio- 
lanthron (II) series, the B-compound is _ by- 
produced with violanthrone derivatives. For 
example, 4, 11l- and 1, 14-dimethoxyviolanthrone 
were prepared from 8- and _ 11l-methoxyben- 
zanthrone respectivery by alkali fusion, and B- 
compounds were also obtained Violanthrone 
B and these B-componds resemble each other 
in their vattability and in their coloration with 
concentrated sulfuric acid. It is, therefore, 
suggested that the B-compounds by-produced 
with A-compounds of the violanthrone A type 
may be derivatives of violanthrone B. 

Further, Nagai and Masuda have reported 
that the 6-position of benzanthrone contributes 
to the formation of B-compound because the 
reaction of the alkali fusion of 6-phenylbenz- 
anthrone produces A-compound, but not B- 
compound”. According to these facts, the 
formula VI or VII can be applied to the 
skeleton of B-compound, which has only one 
carbonyl group 

On the other hand, there is another type of 
B-compound, that by-produced with isoviolan- 
throne (IX) from  3-halogenobenzanthrone 
(VIII) by heating with alcoholic potassium 
hydroxide. This B-compound, which is as 
barely vattable as violanthrone B, has been 
denoted as isoviolanthrone B by Maki and 
Nagai’, and they have suggested as the for- 
mula XI, in which the halogen atom was con- 
verted into the hydrox! group. In addition, 
Nagai et al. have reported that the reaction of 
the alcoholic alkali of 3-chloro-6-phenylben- 
zanthrone produces A-compound of the iso- 
violanthrone type, but not B-compound 


1) J. Aoki, This Bulletin, 34, 1817 (1961 
2 lr. Maki, J. Chem. S Ind., Japan, 38, 1390 (1935 
Chem. Abstr., 30, 2008 (1936); T ki and A. Kikuchi, 
ibid., 43, 763 (1940); Chem. Abstr., 35, 1783 (1941 
Y. Nagai and M. Masuda, J. Chem. Soc. Ind., Japar 
47. 529 (1944) 





4 Consequently, violanthrone B may be considered as 

having the formula IV or V; T. Maki has suggested IV 
s the formula 

5 lr. Maki and Y. Nagai, J. Chem. Soc. Ind. Japan, 37 


493 (1934); Chem. Abstr., 28, 5435 (1934 
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Therefore, although the formula (XI) appears 
feasible the isomeric formula (XII) may be 
also considered, as has been mentioned for 
violanthrone B®». 

The author has tried to reduce isoviolan- 


throne B to hydrocarbon by the method of 


6) These compounds may be considered free radical 
because of their paramagnetism; therefore, instead of 
formulas IV, V, XI and XII, those which take off one 
hydrogen atom should be preferred. See also Ref. 1 
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TABLE I. PROPERTIES OF ‘*‘ DIBENZANTHRENES ”” 


Violanthrene B Isoviolanthrene B Violanthrene A Isoviolanthrene A 
Appearance Orang red Deep red Red Dark red 
sa 344 400~ 402 478° 510° 
Color in H.SO, Green Yellow green Green Yellow green 
Solubility ; 
Alcohol Insol. Insol. Insol. Insol. 
Benzene Hardly sol. Hardly sol. Hardly sol. Hardly sol. 
o-Dichloro- Sol. in hot Sol. in hot Hardly sol. Hardly sol. 
benzene 
zinc dust fusion in order to find the structural 
1 ; formula of this compound. The hydrocarbon 
/\ ‘ {| 5 obtained from the above method recrystallized 
/ \ \} | from o-dichlorobenzene in deep red needles. 
\ v | The meting point of this compound was 400~ 
| / | 402 Cc (uncorr.), and its absorption spectrum 
/ | was different from that of violanthrene B, as is 
| / shown in Figs. 1 and 2. In addition, the prop- 
j \ erties of this new hydrocarbon, which is 
\ called by the author isoviolanthrene B, are 
o.7 | quite different from those of violanthrene B, 
| | violanthrene A (III) and also isoviolanthrene 
\ A (X), as is shown in Table I. 
4 From these facts, we can draw the following 
conclusions: there are only two types of B- 





compound, with skeletons assumed to be the 
fosmulas VI and VII; one of them is violan- 
threne B and the other is isoviolanthrene B. 


Experimental 


; 5 Isoviolanthrone A (IX) and Isoviolanthrone B. 
10 1 0 A mixture of 40g. of potassium hydroxide, 25g 
of phenol, 15g. of ethanol and 10.0g. of 3-chloro- 
benzanthrone was refluxed with stirring for 2 hr 
Then the mixture was treated by the method de- 
scribed in Ref. 5. he yield of isoviolanthrone A 


was 3.2g., and this substance is soluble in con- 





mr 


Fig. 1. Absorption spectrum of Violanthrene 
B (in benzene). 


=| centrated sulfuric acid, giving a blue green color. 
| = Isoviolanthrone B was obtained as the product, 
: { J “ae barely vattable and insoluble in glacial acetic acid. 
{\ [Vv | a In the concentrated sulfuric acid solution it shows 
} ¥s / \ as a dark violet color. Yield, 3.0g. of violet black 
\ Jf powder. This sample was once more treated with 
/ \ an alkaline hydrosulfite solution, dissolved in hot 
if 7 | chlorobenzene and, after hot filtration, deposited by 
| concentrating the filtrate. 
Found: C, 88.80; H, 3.58. Calcd. for C.,H;.O: 
XI or XII): C, 89.06; H, 3.95 
Isoviolanthrene B.—-A fine powder of 1.00g. of 
\ isoviolanthrone B was kept with 1.0g. of zinc dust 
in the mixed flux of 5g. of zine chloride and 1g. 
\ 


log ¢< 


of sodium chloride at 260~280-C for 30min. Then 
| the mixture was treated with 300 mJ. of water and 
\ the insoluble part filtered off. To remove the excess 
of zinc dust, it was suspended with 100 ml. of water, 
and 30ml. of concentrated hydrochloric acid was 
) 00 00 added. After being kept overnight, the insoluble 
part was collected and washed neutral. The crude 








mr 


tv 


as 


Absorption spectrum of isoviolanthrene 7) E. Clar. Ber., 16, 456 (1943). 
B (in benzene). 8) This symbol defined a solubilization power. 
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reduction product (0.80g.) was sublimated in a 
high vacuum (10°-’~10°> 4 mmHg), and recrystallized 
from o-dichlorobenzene, giving deep red fine needles, 
m.p. 400~402-C (uncorr.). This product is soluble 
in Organic solvent, giving off a strong fluorescence, 
anc in a concentrated sulfuric acid solution shows 
at first as green and then as a yellow green, after 
which it changed no more. 

Found: C, 95.56; H, 4.34. Calcd. for Cs,His 
C¥i of VE): €, 95.75; HB, 4.25 


[Vol. 34, No. 12 


The author wishes to express his thanks to 
Professor Hideo Akamatu, Professor Hiroo 
Inokuchi and Professor Yoshio Nagai for their 
kind advice. He is also indebted to Mr. Shozo 
Masuda for carrying out the analyses. 
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Synthesis of Phenanthryl Phenyl Ethers 


By Hajime SUZUMURA 


(Received March 31, 1961) 


Searching for aromatic ethers which have 
high boiling points and thermal stability, 
derivatives of phenanthrene, 2- and 3-phenan- 
thrylphenyl ethers (Formulas I and II respec- 
tively) were synthesized and their physical 
properties examined. Of the phenanthrylpheny1 
ethers, only a 9-phenyl isomer (Formule III) 
has hitherto been reported on the literature”. 


O 


(IIT) 


The author newly synthesized 2- and 3-phenyl| 
ethers by the scheme shown below. 


TABLE I 


On 


1 R. L. Huang. J. Chem. Soc., 1955, 3295 


Purified phenanthrene was sulfonated», and 
a mixture of monosulfonates was fused with 
potassium hydroxide”, yielding phenanthrols 
which were then condensed with bromobenzene 
to give the ethers. The properties of purified 
specimens are shown in Table II. 


TABLE Il. PHENANTHRYLPHENYL ETHERS 
Isomer 
Properties 
2- 3- Calcd. 
Appearence White needles White needles 
B.p., 225( ImmHg) 220 (1 mmHg) 
M.p., °C 121~122 86~87 
Elementary analysis 
Cc, % 88.69 89.16 88.86 
H, % 5.00 5.39 FE 
Trinitrobenzene 
complex 
mo, % 133~134 111~112 
Appearence Pale yellow Pale yellow _ 
needles leaflets 
N. 8.91 8.96 8.70 
Experimental 
Materials. — Phenanthrene. — A sample supplied 


by Yawata Chemical Industry Co. was purified by 
fusion with potassium hydroxide, followed by 
vacuum distillation, recrystallization from ethanol 
and treatment with chromium trioxide; m. p. 
97~98.5°C, reported 98.7~99.5°C®. 
Bromobenzene.-- A commercial reagent was re- 


distilled ; njf-° 1.5598, reported nj} 1.5602 


Org. Synth.”’, Col. Vol. If (1955), p. 482 
3 Fieser, J. Am. Chem. Soc.. 51. 2466 (1929) 
4) J. Heilbron, “ Dictionary of Org. Compds.”’, Vol. IV 


Oxford University Press, New York (1953), p. 84 
5) Merck Index, 7th Edition. Merck & Co. Inc... Rahway 
N. J. (1960), p. 168 
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Copper Powder.—This was precipitated from an 
aqueous solution of CuSO,-5H2O by the addition 
of zinc granules and was washed with water, with 
dilute hydrochloric acid, and finally with ethanol. 

Sulfuric Acid, Potassium Hydroxide.—Commercial 
reagent. 

Synthesis of 2- and 3-Phenanthrol. — Purified 
phenanthrene (50g.)* was sulfonated by the method 
described in the literature. From the reaction 
mixture, less soluble mono-sulfonic acids were 
separated as sodium salts, leaving disulfonates in 
the filtrate. By recrystallizing sodium mono-sul- 
fonates from water, the relatively insoluble 2-isomer 
was first obtained, which was further purified as 
barium salt. From the filtrate, by concentration 
and the addition of potassium chloride, potassium 
3-sulfonate was obtained. 2-Ba-sulfonate; 14.1 
g., 16% (reported 17~21%). 3-K-sulfonate; 17.6 
g.. 21% (reported 24~26%). Then the sul- 
fonates were fused with potassium hydroxide. To 
potassium hydroxide (about 3 parts) melted in a 
nickel crucible at 290~300-C, barium or potassium 
sulfonate (1 part) was added gradually over a 
period of 20min. by stirring; the heating was 
continued for a further 5 min. at 320~330°C. The 
mixture was then allowed to cool and was dissolved 
in water. The addition of hydrochloric acid to 
this solution yielded a precipitate which was filtered 
off. 

The precipitate was redissolved in an aqueous 
solution of potassium hydroxide and filtered off to 
remove insoluble matter. By the neutralization of 
the filtrate, crude phenanthrols were obtained which 
were filtered off and recrystallized from a mixture 
of ligroin and ethanol. The results of the potas- 
sium hydroxide fusion are shown in Table III. 


TABLE III 
ne Phenanthrol 
ie ne. ‘Mount Reported 
sulfon th g. Amount M.p m. p. 
ate g. Cc Cc 
2-Ba 14 5.5 162.7~167.7 168 
166~ 168 ( purified ) 
3-K 17 10.3. 112.6~118.5 118~119 
116.8~118.9 (purified) 
Synthesis of 2-Phenanthryl Phenyl Ether.—-A 


mixture of 2-phenanthrol, potassium hydroxide 
bromobenzene and copper powder in a flask fitted 
with an air condenser was placed in an oil bath 
and heated. The cooled mixture was first treated 
with a 10% aqueous solution of potassium hy- 
droxide to dissolve unreacted phenanthrol and was 
then extracted repeatedly with benzene. The 
combined extracts were concentrated and distilled 
in vacuo. The distillation apparatus employed was 
designed for distilling solid samples and equipped 
with a fractionating column (10mm. 350mm.) 
packed with stainless Dixon packing 2mm. in 
diameter. The distillate, which was solid melting 
at about 110~116 C. was recrystallized 3 times 
from ethanol, yielding white needles. The ex- 
perimental! results of the condensation reaction are 
shown in Table IV. 


One tenth of the amount used in Ref. 2 
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Found: C, 88.69; H, 5.00; mol. wt. (Rast), 
273. Caled. for CoHyO: C, 88.86; H, 5.22%; 
mol. wt. 270. 

Infrared Absorption Spectrum.—The spectrum of 
2-phenanthryl phenyl ether in carbon bisulfide is 
shown in Fig. 1. The band appearing at 825cm~! 


100 + . ' ' ' —+—4 


| 
\ 


Transmittance, 


Wave number, cm™! 


Fig. 1. 2-Phenanthryl phenyl ether. 
corresponds to a 1,2,4-substitution in the benzene 
ring. This means a substitution in the 2- or 3- 
position of phenanthrene, which may be regarded 
as a substituted benzene. Similarly, because an 
absorption band at 807cm~! which corresponds to 
a 1,2,3,4-substitution in benzene is absent, the 9- 
or 10-position of phenanthrene is not substituted. 
The absence of a strong absorption in the region 
of 752~753cm~! shows that a 1,2,3-substitution in 
the benzene ring is not present; that is, there is 
no substitution in the l- or 4-position of phenan- 
threne. The spectrum which shows characteristic 
absorptions of 2- or 3-substituted phenanthrene can 
be clearly distinguished from that of a 3-phenyl 
isomer, which will be described later. A band at 
690cm~! may be assigned to a phenoxy group. 
Phenoxynaphthalenes(a, 8), p-phenoxydiphenyl, and 
p,p'-diphenoxydiphenyl which the author prepared 
showed a medium absorption in the vicinity of this 
wave number. 

Ultraviolet Spectra.—The spectra of the 2-phenyl 


as well as the 3-phenyl isomer are shown in Fig. 2. 
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2, 2-Phenvl isomer; 3, 3-Phenyl isomer 
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TABLE IV. 2-PHENANTHRYL PHENYL ETHER 
2-Phenan- Bromo- Condition Distil- Recrystallized 
No throl® benzene KOH Cu . late . 
: g. g. Temp. Time Amount M.p._ Yield 
g- g- C hr. g. C % 
1 4.2 ai 3 0.2 150~200 = 2!/; a 1.6 120~121 27 
z ‘1 2.0 0.35 0.05 170~185 35/6 0.89 0.45 120~121 29 
3 4.2 5.9 1.3 0.2 140~200 5 4.5 2.50 121~122 43 
a) M.p. of phenanthrol; Nos. 1 and 2, 162.7~167.7°C; No. 3, 166~168°C. 
b) Mol. % based on 2-phenanthrol employed. 
TABLE V. 3-PHENANTHRYL PHENYL ETHER 
3.henen- ' Brome- on me Condition Distil- Recrystallized 
No throl» benzene g. g. Temp. Time late Amount M.p._ Yield 
8 8. * hr. g. Cc % 
1 $3 4.0 Be 0.20 150~200 5'/: ee pe 85~86 31 
2 a1 5.4 1.9 0.13 160~170 4!'/2 1.99 1.32 86~87 31 
3 4.2 5.9 1.3 0.20 140~200 5 4.8 2.95 86~87 50 
a) M.p. of 3-phenanthrol; Nos. 1 and 2, 112.6~118.5°C; No. 3, 116.8~118.9°C. 
b) Mol. % based on 3-phenanthrol employed. 


The absorption maxima are different from those of 
2- or 3-alkyl phenanthrene. 

Solubility.—It is only with difficulty soluble in 
cold ethanol, readily soluble in benzene, and in- 
soluble in water. 

Trinitrobenzene Complex.—This was prepared from 
2-phenanthryl phenyl ether (86mg.) and 72mg. of 
trinitrobenzene in ethanol. Three recrystallizations 
from ethanol yielded 45 mg. of short ycllcw needles, 
which melted at 133~134°C. 

Found: N, 8.91, Calcd. for C2sH1707N3; N, 8.70%. 

Synthesis of 3-Phenanthryl Phenyl Ether. — 
The 3-phenyl isomer was prepared and purified in 
the same manner as in the case of the 2-phenyl 
isomer. The experimental results are shown in 
Table V. 

Recrystallization from ethanol gave white needles 
which melted at 86~87°C. 

Found: C, 89.16; H, 5.39; mol. wt. (Rast), 273. 
Calcd. for CooHiyO: C, 88.86; H, 5.22%; mol. wt., 
270. 

Infrared Spectrum.—The spectrum in carbon di- 
sulfide is shown in Fig. 3. 
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Fig. 3. 3-Phenanthryl phenyl ether. 


A band at 690cm~! corresponds to a phenoxyl 
group. Other absorption bands appearing in the 
finger print region are typical of 3-substituted 
phenanthrene, as a comparison with those of 3- 
ethylphenanthrene® shows: 


Wave numbers, cm™! 
3-Phenanthryl phenyl ether 880 865 840 798 747 
3-Ethylphenanthrene 881 864 839 800 746 


Ultraviolet Spectrum.—The spectrum is shown in 
Fig. 2. 

Solubility.—It is only with difficulty soluble in 
cold ethanol, moderately soluble in benzene, and 
insoluble in water. 

Trinitrobenzene Complex.—This was prepared from 
ether (99mg.) and trinitrobenzene (108 mg.) in 
ethanol. Three recrystallizations from ethanol 
yielded 73 mg. of a pale yellow adduct, m. p. lll~ 
z°C. , 

Found: N, 8.96. Calcd. for CogH200;N3, N, 8.70%. 


The author is indebted to Professor Ryozo 
Goto of Kyoto University for his helpful 
discussions and for his criticisms of this work, 
and to Professor Sakujiro Kimura for his 
advice and encouragement. 


Tokyo Laboratory of Research Center 
Yawata Chemical Industry Co. 
Chuo-ku, Tokyo 


6) E. Ochiai, et al., Pharm. Bull., 5, 113 (1957). 
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XIII. Transformation of Pinene 


by the Action of Boron Trifluoride 


By Kimiko NAGAI 


(Received March 25, 1961) 


The transformation in the reaction of various 
reagents upon pinenes have been investigated'~ 
in detail, and the existence of camphene has 
been observed in the conversion products of 
pinene in almost all cases. The author has 
been engaged in a series of experiments on the 
reaction of boron trifluoride, an electrophilic 
agent, upon terpenes. It has been reported» 
that the reaction of boron trifluoride upon 
terpenes produces mainly polymerized products; 
my experiments seen to verify this. 

According to another paper” stating that iso- 
borneol was produced by the reaction of glacial 
acetic acid upon camphene with a catalyst of 
boron trifluoride, the author has obtained 
bornyl acetate in a considerable yield in the 
reaction of glacial and anhydrous acetic acids 
upon a-pinene with a catalyst of boron tri- 
fluoride, as has been formerly communicated”. 

Because in this reaction a-pinene is iso- 
merized to camphene by boron trifluoride ethyl! 
ether complex and further is esterified, the 
isomerization of a-pinene to camphene in the 
absence of glacial and anhydrous acetic acids 
was attempted. Namely, solutions of boron 
trifluoride ethyl ether complex in various sol- 
vents were prepared, a-pinene was subjected to 
a reaction at room temperature with various 
amounts of catalyst and various reaction times, 
and the transformation of a-pinene and the 
production of camphene were investigated, 
taking advantage of the infrared absorption 
spectrum and gas chromatography. 

The determination of a-pinene and camphene 
based on the infrared absorption spectrum has 
already been investigated by Kitajima, Take- 
shita et al., who adopted 772cm™! for a- 
pinene and 667cm~'! for camphene as a charac- 
teristic absorption in the practice of estimation. 
The author adopted 1130cm~' for a-pinene and 
1115cm~-' for camphene, made a calibration 


1) K. Ono, This Bulletin, 2, 16, 207 (1927). 

2) T. Kuwada, J. Soc. Chem. Ind., Japan, (Kégyo Kwagaku 
Zasshi), 32, 1154 (1929). 

3) E. Schwent and K. Schmidt, D. R. Pat. 
(1934). 

4) P. A. Mulany, C., Ul, 430 (1931). 

5) M. Berthelot, Ann. chim. phys., (3) 38, 38 (1853). 

6) I. G. Farbenindustrie, D. R. Pat. 589779 (1933). 

7) K. Nagai, Bull. Pharm. Kinki Univ., 3, 11 (1960). 

8) M. Kitajima and T. Takeshita, Report of the Central 
Research Institute, The Monopoly Corporation, 95, 95 (1956). 
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curve using a-pinene purified by distillation, 
and diluted solutions of camphene 10~80 per 
cent, for which determination was carried out 
on the amount of a-pinene and camphene in the 
reaction products catalyzed by boron trifluoride 
ethyl ether complex; at the same time, this 
result was compared with that of gas chromato- 
graphy. 

When a catalyst, boron trifluoride ethyl ether 
complex, was used with a solvent of ligroin or 
benzene, and also when it was directly applied 
to a-pinene without the use of any solvents, 
violent heat generation and polymerization 
occurred, and the degree of heat generation and 
polymerization descending from ligroin through 
benzene to an absence of solvents. 

When ethyl ether was used as a solvent, the 
generation of heat was hardly observed, and it 
was noted from the infrared absorption spect- 
rum that.by the action of boron trifluoride 
ethyl ether complex, a-pinene is converted to 
camphene through the Wagner-Meerwein rear- 
rangement and that the greater the extent of 
isomerization to camphene the larger the 
amount of boron trifluoride ethyl ether complex 
used and the longer the reaction time. 

As the infrared absorption spectrum show 
peaks at 817 and 827cm~', the existence of a 


R R’”’ 
So=c¢ 


group is presumed, and hence 
R'“  H 

the formation of polymers of a-pinene is 

conceivable. 


Reaction products in the solvent of benzene 
or ligroin for which no heat generation and 
polymerization appeared showed such infrared 
absorption spectra that, while the characteristic 
absorption (at 1130cm~') was not observed, 
that for camphene was observed faintly at 1115 
cm~' and those for end-methylene and gem- 
dimethyl radical were observed at 877 and 
1660cm~', and at 1363 and 1384cm~! respec- 
tively. Gas chromatography of these reaction 
products showed a small peak corresponding 
to camphene; also in the case of solvents of 
benzene or ligroin, the formation of camphene 
was found, though in an extremely small 
amount. 

In this reaction, the isomerization of a- 
pinene into camphene by the action of boron 
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trifluoride ethyl ether complex through the 
Wagner-Meerwein rearrangement was confirm- 
ed, and in the case of a violent reaction, 
although it almost polymerizes, the formation 
of a small amount of camphene was detected. 


Experimental 


Sample. — a-Pinene and camphene purified by 
repeated distillation on metallic sodium were used. 
The physical constants of the samples are as 
follows: a-pinene b.p. 154.5~156°C, di 0.8550, 
nS 1.4641 ; camphene b. p. 154~155°C, m. p. 47.0~ 
a7 .5%.. 

The Calibration Curve of a-Pinene and Cam- 
phene.—Camphene was diluted with a-pinene 10~ 
80 per cent, and the characteristic absorption at 
1130 and 1115cm~! was selected for the infrared 
absorption spectra of a-pinene and camphene re- 
spectively ; from tne ratio of the above two absorp- 
tions, a calibration curve as seen in Fig. | was 
obtained. 


RATIO OF ABSORPTION AT 1130 
AND 1115cm~+ 


TABLE I. 


a-Pinene % Camphene % 


1, Ls log 1; /12 
100 0.5090 
90 10 0.6256 
80 20 0.7238 
79 30 0.8443 
60 40 1.0164 
50 50 i322 
40 60 1.411 
30 70 1.644 
20 80 1.905 


I,: The height of the mininum point on the 
absorption band of a-pinene 

I,: The height of the minimum point on the 
absorption band of camphene 
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Fig. 1. Calibration curve of camphene and a- 
pinene. 


Reaction in the Solvent of Ethyl Ether.—A 
mixture of a-pinene 10 ml. and ethyl ether 15 ml. 
was added to each 0.8, 1.5, 2.0 and 3.0 ml. of boron 
trifluoride ethyl ether complex and was allowed to 
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react for 72 hr. at room temperature ; after washing 
with 10% sodium carbonate and water, followed 
by drying, the reaction product was examined with 
the aid of the infrared absorption spectrum and 
gas chromatography. Figure 2 is the infrared ab- 
sorption spectrum of the product obtained when 
a-pinene, camphene and 3.0ml. of a catalyst were 
used. As shown from the calibration curve in Fig. 
1, the yield of camphene is maximum, about 50 
per cent, when 3.0ml. of boron trifluoride ethyl 
ether complex was used, whereas in the reaction 
with 0.8ml., the a-pinene remained almost un- 
changed. 
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Fig. 2. Infrared absorption spectrum obtained 
by using a-pinene, camphene and 3.0ml. 
catalyst. 

Camphene = ----- 3.0 ml. Catalyst 
--—-+ qa-Pinene 


TABLE II. EsTIMATION OF CAMPHENE ON THE 
BASIS OF INFRARED ABSORPTION SPECTRA OF 
REACTION PRODUCTS IN 
ETHYL ETHER 


Boron Camphene Absorption 
trifloride, ml. % coefficient 
0.8 10.0 0.529 
3 41.0 1.029 
2.0 46.2 i. i27 
3.0 50.0 1.214 


EsTIMATION OF @-PINENE AND CAMPHENE 
BASED ON GAS CHROMATOGRAPHY 


Boron Camphene a-Pinene 
trifluoride, ml. % % 
0.8 2.1 80.9 
1.$ 44.2 29.7 
2.0 44.0 16.9 
3.0 52.9 10.6 


P. E.G. 6000 (20 ml./min. 180°C, 0.25 kg./cm?, 
16mV. 150mA. 5mm./min. He) 


Moreover, the relation between the yield of 
camphene and the reaction time in the case of 3.0 
ml. of boron trifluoride ethyl ether complex was 
investigated ; the result is shown in Table ILI, from 
which it can be observed that a large amount of 
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TABLE III. RLATION BETWEEN THE YIELD OF 
CAMPHENE AND REACTION TIME 


Reason x wo 
inv ieoeption. Camphene 49.5 49.9 50.5 
spectrum - ; 

“a, 1.200 i. 1.208 
en 
— — ee 2 nd 


a-pinene, % 12.8 12.4 10.6 


camphene is formed in the case of an hour-long 
reaction. 

Reaction in the Solvent of Benzene and Ligroin. 
—To 10ml. of a sample, 15ml. of both benzene 
and ligroin were added, and boron trifluoride ethyl 
ether complex was added to the benzene solution in 
amounts of 0.3, 0.5 and 1.0 ml. and to the ligroin 
solution in amounts of 1.5, 2.0 and 3.0ml., and 
after reaction ceased, treatment similar to that 
described above was performed. In the case of 
these reactions, heat generation and polymerization 
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occurred violently; when the amount of catalyst 
was small, the existence of camphene was observed, 
but a-pinene was not, as shown from the data of 
the infrared absorption spectra and gas chromato- 
graphy, although the estimation of the camphene 
formed was nevertheless difficult. 

Reaction Without Solvents.—This reaction shows 
a remarkable heat generation and polymerization, 
yielding reddish-brown, viscous, oily substances ; 
because the existence of a-pinene was still observed 
only on the basis of the infrared absorption 
spectrum and gas chromatography, the estimation 
was not successful. 


The author wishes to express her gratitude 
to Assistant Professor I. Ogura for his guidance 
and encouragement throughout this work, and 
her sincere thanks to Mr. K. Machida, Kyoto 
University, for his services in the measurement 
of the infrared absorption spectrum and to 
Mr. K. Matsushima of our University for his 
help in the analysis of gas chromatography. 
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Alternant Conjugate Systems. I. Syntheses and 
Properties of Polytolans 


By Shoichi MisuMI 


(Received March 7, 1961) 


Alternative insertion of benzene nuclei 
between the triple bonds of the polyacetylenic 
chain of a,w-diphenylpolyyne constitutes an 
interesting conjugate system, polytolan (I). The 
present author has investigated the syntheses 
of a series of polytolans (I; n=2, 3, 4) to 
compare their ultraviolet spectroscopic proper- 
ties with those of polyphenylpolyene’? and 
diphenylpolyacetylene. 


= / 


€ )-+-C=C-< )-)-H 
= 
The several methods’-*? proposed for the 


1) S. Misumi and M. Kuwana, This Bulletin, 33, 711 
(1960). 

2) L.I. Smith and M. M. Falkof, “‘ Org. Synth.”’, 22, 50 
(1942); C. C. Price and C. E. Greene, J. Polymer Sci., 6, 
111 (1952); G. Drefahl and G. Plétner, Chem. Ber., 91, 1280 
(1958). 

3) T. Curtius et al., ibid., 22, 2161 (1889); J. prakt. 
Chem., (2) 44, 171 (1891); W. Schlenk et al., Ann., 463, 76 
(1928) 

4) P. Lipp, Ber., 56, 570 (1923); E. E. Harris et al., J. 
Am. Chem. Soc., 48, 3144 (1926); G. H. Coleman et al., 
ibid., 56, 132 (1934) ; 58, 2310 (1936). 


synthesis of tolan all seem to be inadequate to 
the syntheses of the higher homologues owing 
to the poor solubility or the difficulty in the 
syntheses of the intermediates. 

During the course of a study concerning the 
reaction of quinones with acetylenes, the author 
has found that polytolans having an even 
number of n can be synthesized according to 
the following series of reactions. For example, 
the reaction of sodium phenylacetylide(IIa) in 


; . a” NaNt ee te — 
R-C=CH + O Po Nat. R-C=C7 x C=C-R 
— or LiNH, {\——/ . 
- ’ HO OH 
J it 
a:R=Ph- ¢o/ 
a AK. a: R=Ph- = 
b: R=Ph-C=C~ ‘eae /~ vy, ‘ b? R=Ph-C=C- a 
¥ ——/ 
iN 
R-C=C~ p-C=C-R 
IV 
a: R=Ph- 


b:R=Ph-cacl ‘> 
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liquid ammonia with p-benzoquinone afforded 
the diacetylenic glycol (IIla) in a yield of 
31%. The reductive aromatization of IIIa with 
phosphorus diiodide or stannous chloride 
resulted in the formation of distolan(1Va)°. 
Independently, IVa was synthesized by Ried 
according to essentially the same procedure”. 
The generalization of the reductive aromatiza- 
tion was achieved by his employing several 
kinds of quinones”. 

The present author has employed this method 
for the synthesis of tetrakistolan (I;n=4). 
The reaction of p-benzoquinone with the 
sodium salt of p-ethynyltolan (IIb) in liquid 
ammonia, in which IIb and its sodium salt are 
sparingly soluble, resulted in a recovery of 
the starting materials. As it was known that 
a lithium salt of an ethynyl compound has a 
larger solubility than a salt of other alkali 
metal*?, the reaction of the lithium salt of IIb 
with p-benzoquinone was carried out in dio- 
xane, yielding tetra-acetylenic glycol(IIIb) ina 
yield of 13%. The reductive aromatization of 
IIIb afforded tetrakistolan (IVb) as light yellow 


needles with a green fluorescence. The solu- 
tions of IVb in various organic solvents 
exhibit an intense and characteristic violet 
fluorescence. 


p-Ethynyltolan (IIb), which was used as a 
starting material for the synthesis of IVb, was 
synthesized according to the following series 
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ester (VIII) was obtained by refluxing the 
suspension of p-styrylcinnamic acid (VII) in 
methanol containing a catalytic amount of 
sulfuric acid. The dehydrobromination of 
the tetrabromide (IX) resulted in p-phenyl- 
ethynyl-phenylpropiolic acid (X), together with 
a small amount of decarboxylated product 
(IIb). Several methods have been proposed 
for the decarboxylation of substituted phenyl- 
propiolic acids'!®-', but the author has found 
that the acid (X) in pyridine or quinoline was 
smoothly decarboxylated to IIb in the presence 
of copper powder. Extension of the synthetic 
route of phenylacetylene’” from cinnamic acid 
to styrylcinnamic acid (VII) was found to be 
unsuccessful owing to the poor solubility of the 
intermediate tetrabromide in various solvents. 

p-Ethynyltolan (IIb) crystallizes in the 
form of colorless needles and gives amorphous 
yellow cuprous salt. Its mercuric acetylide was 
obtained in well-defined fine silky needles. As 
illustrated in Fig. 1, the ultraviolet spectrum 
of IIb was found to be closely related to tolan 
rather than to phenylacetylene, with a red- 
shift of ca. 1Smv. The oxidative coupling of 
IIb according to Eglinton’s method’? afforded 
bis( p-phenylethynyl-phenyl)diacetylene (XI) as 
colorless plates. The disappearance of fine 
structure in the ultraviolet spectrum of XI as 
compared with that of diphenyldiacetylene is 
remarkable (Fig. 1). 


of reactions. A quantitative yield of the Tristolan (I1;n=3) was synthesized from 
: a mas. | PO. Oe ee CH.(COCH)» 
CH=CH ae CH; DiCH,)N.16% CH=CH : CHO saa 
Vv VI 
»-CH-CH »-CH-CH-COOH VONEN, ¢“">-CH-CH-<"_>-CH=CH-COOCH, -2"> 
Vil : Vi 
»>~CH-CH- >~CH-CH-COOCH, *°" ae <~ >-C=C-< -C=C-COOH 
Br Br Br Br ‘- 
IX xX 
4% 
Cu-Pyr. _ ‘tsa = ses 
85% < »-C= . C=CH IIb 
IIb > <€ >-CsC-< )-CsC-CsC-€ )-CaC-~K > 
XI 
5) R. Kuhn et al., Helv. Chim. Acta, 11, 87 (1928); 9) G. Drefahl and W. Hartrodt, J. prakt. Chem., (4) 276, 


Ber., 71, 783, 1510, 1889 (1938); 73, 1410 (1940); Chem. Ber., 
84, 566 (1951). 

6) S. Misumi and M. Kuwana, presented at the I2th 
Annual Meeting of the Chemical Society of Japan, 
Kyoto, April, 1959. 

7) W. Ried et al., Chem. Ber., 90, 2553 (1957) ; 91, 2459 
(1958); Angew. Chem., 69, 205, 614 (1957) ; Naturwissenschaften, 
46, 142 (1959). 

8) B. B. Elsner and P. F. M. Paul, J. Chem. Soc., 1951, 
893. 


124 (1957). 

10) K. Schofield and J. C. Simpson, J. Chem. Soc., 1945, 
512; H. Gilman et al., J. Am. Chem. Soc., 53, 4192 (1931) ; 
J. A. Leroy, Bull. soc. chim. France, (3) 7, 644 (1892). 

11) W. Weltzien and F. Micheel, Ann., 433, 247 (1923); 
M. M. Otto, J. Am. Chem. Soc., 56, 1393 (1934). 

12) J. V. Nef, Ann., 308, 264 (1899); J.C. Hessler, “‘ Org. 
Synth.” Col. Vol., I, 438 (1948). 

13) G. Eglinton and A. G. Galbraith, Chem. & Ind., 
1956, 737; J. Chem. Soc., 1959, 889. 
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Fig. 1. The ultraviolet spectra of p-ethy- 
nyltolan (IIb, ——) and tolan (----) in 
n-hexane and bis(p-phenylethynylpheny1) - 
diacetylene (XI, —-—) in ethanol. 
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Fig. 2. The ultraviolet spectra of polyto- 
lans (1) 
n=4, —; n=3, n=2, —-—; 
n=1, ---- 


p, p'-distyrylstilbene’*? according to the proce- 
dure of Drefahl”. 

The ultraviolet spectra and the physical 
properties of these polytolans are presented in 
Fig. 2 and Table I. An examination of the 
ultraviolet spectra of polytolans indicates that 
an increase in the length of the conjugate 
system causes a displacement of the strongest 
absorption band towards a longer wavelength ; 
this bathochromic displacement, however, be- 
comes smaller for each additional —C;H,-C=C- 
grouping. Two empirical formulae (A=kn-+ A) 
or A4=kVn+A) have been proposed to relate 
the number of double bonds in a conjugated 
chromophore group (n) with the wavelength 


14) The synthesis of this substance will be reported on 
the following paper. 
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of the absorption maximum (/)', but the 
absorption maxima of polytolans could not be 
expressed by either of these empirical formulae, 
because the plot of the wavelength of the 
absorption maxima against n or the square root 
of n does not give a straight line, as is 
illustrated in Fig. 3. 


yl 
1.5} 1 
| ee 
at 
7 —_ 
2| | 


320 340 380 


n 








280 300 
mys 
Fig. 3. Wavelength positions of the main 
absoption maxima plotted against number 
orn Vn of polytolans (I). 


The spectra of tristolan (I; n=3) and tetra- 
kistolan (1; n=4) showed absorption maxima 
at 256 and 279 my respectively. Similar maxima 
are also observed in the spectra of the corres- 
ponding ethylenic analogues. The occurrence 
of these bands can presumably be attributed 
to a higher order transition of the total chro- 
mophore, as is pointed out by Dale’ and 
Zechmeister et al.'”. 

The ultraviolet spectra of diphenylpolyace- 
tylenes exhibit a regular bathochromic shift in 
accordance with the increase of the number of 
acetylenic linkage, also, the fine structure of 
the spectra becomes more and more distinct 
with the increase in the length of the conjugate 
system’. The same trend is also recognized 
in the case of diphenylpolyenes'*’. Kortiim 
attributed the increase in the fine structure of 
the spectra of diphenyl-polyyne and -polyene 
to the increase of the double bond character 
of single bonds in these conjugate systems. 
The increase in double bond character results 


15) G. Schwarzenbach, Z. Elektrochem., 47, 40 (1941). 

16) J. Dale, Acta Chem. Scand., 8, 1235 (1954). 

17) L. Zechmeister, A. L. LeRosen, W. A. Schroeder, 
A. Polgar, and L. Pauling, J. Am. Chem. Soc., 65, 1940 
(1943), 

18) M. Nakagawa et al., Proc. Japan Acad., 26, 38, 43 
(1950); J. Chem. Soc. Japan, Pure. Chem. Sec. (Nippon 
Kagaku Zasshi), 72, 561, 993 (1951); H. H. Schlubach and 
V. Franzen, Ann., 573, 110 (1951); F. Bohlmann, Chem. 
Ber., 84, 785 (1951); 86, 63 (1953); Angew. Chem., 65, 385 
(1953). 

19) K. W. Haussen, R. Kuhn and A. Smakula, Z. 
physik. Chem., B29, 384 (1935). 
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TABLE I. PROPERTIES OF POLYTOLANS AND RELATED COMPOUNDS 


UV spectrum 
a—jS—rxiumoer- 


Solution . Amax, Mu Solvent 
Light a2, S08, 35! a 
violet 
Violet 


Fluorescence 
A 


Solid 


Me...% 


Distolan(I : n=2) 181.5~182 


~285 Light 
green 


Light 


Tristolan(I : n=3) 283 226, 256, 325*, 340 


Intense 279, 351, 378* b 


violet 


Tetrakistolan(I : n=4) 307 ~312 


90.5~91 


~229.5 


p-Ethynyltolan (IIb) 
(XI) 229 


* inflexion ; a: n-hexane, b: benzene, 
in a fixation of the molecule in a uniplanar 
conformation and _ necessarily retards the 
torsional vibration of the molecule”. 

On the contrary, the fine structure in the 
spectra of polytolans gradually becomes obscure 
with the increase in the length of the alter- 
nant conjugate system. The distinct fine struc- 
ture observed in the spectrum of tolan can be 
traced in that of distolan (IVa), but the spectra 
of tris- and tetrakis-tolan show only a weak 
inflection at the corresponding positions, as is 
illustrated in Fig. 2. The single bond length 
of the C;H;-C= grouping has been reported to 
be almost identical in the series of diphenyl- 
polyyne, whereas a distinct contraction of the 
single bond length inserted between two acetyl- 
enic linkages was observed in the same series, as 


TABLE II. SINGLE BOND LENGTHS IN 
DIPHENYLPOLYYNE Ph-(C=C),,-Ph 
Bond length 
of =C-C= Ref. 
A 
1.40 - 21 
1.44 1.39 22 
1.42 ior, 1S, S37 23 
1.45 Ae re Ae i ee ee 


Bond length 
of Ph-C= 
A 


is summarized in Table II. These results indi- 
cate that the single bond in the C;H;-C= 
grouping has a minor degree of multiple bond 
character as compared with the single bond in 
=C-C= grouping. Consequently, an insertion 
of the p-phenylene group in a position of 
single bond in a conjugate polyyne chain may 
cause an increase of torsional vibration about 
the single bond of the =C-C;H,-C= grouping. 
Also, the increase in the number of single 
bond with a minor multiple bond character 
may increase the transition energy of photo- 


20) G. Kortiim and G. Dreesen, Chem. Ber., 84, 182 
(1951). 

21) J. M. Robertson and I. Woodward, Proc. Roy. Soc., 
A 164, 436 (1938). 

22) E. H. Wiebenga, Z. Krist., 102, 193 (1940). 

23) T. Watanabe, N. Masaki and H. Mitsuda, Inter- 
national Congress of the International Union of Cristal- 
lography, Cambridge, England, Aug., 1960. 


green 


a 279, 288*, 295, 303, 314 a 
Violet 225, 268*, 326*, 342, 368 d 


c: chloroform, d: 95% alcohol 


ecxitation. The disappearance of the fine 
structure and the hypsochromic shift of absop- 
tion maxima in the spectra of polytolans as 
compared with those of diphenylpolyynes seem 
to be attributable to the above-mentioned two 
reasons. This inference is also cosistent with 
the fact that p-ethynyltolan and tolan show 
quite similar absorption curves (Fig. 1) and 
the fact that the fine structure which is observed 
in the spectrum of diphenyldiacetylene is almost 
lost in the absorption curve of bis( p-phenyl- 
ethynyl-phenyl)diacetylene (XI) (Fig. 1). 

The ultraviolet spectrum of distolan report- 
ed by Drefahl?? showed a strong inflection at 
ca. 350mye which could not be observed in 
the spectrum of the compound prepared by 
the author. The presence of inflection at this 
wavelength seems to arise from a contamination 
with the starting material, p-distyrylbenzene 
(Amax 350myf) or p-styryltolan (Amax 333; 
Ainnt. 352 mf). 


Experimental* 


1, 4-Bisphenylethynyl-2, 5-cyclohexadien-1, 4-diol 
(IIla).—To a solution of sodium amide (prepared 
from sodium, 3.8 g., 0.167 mol.) in liquid ammonia 
(100 ml.) was added dropwise phenylacetylene (17 g., 
0.167 moi.) in dry ether (50 ml.). After stirring for 
2hr., p-benzoquinone (10g., 0.093 mol.) in dry 
tetrahydrofuran (70ml.) was dropped into the 
mixture over a period of 3hr. A _ transient devel- 
opment of blue color was observed on the addition 
of the quinone, and the entire mixture gradually 
changed to a deep brown solution. Ammonia was 
evaporated after the addition of ammonium chloride, 
and the residual solid was extracted with ethyl 
acetate. The extract was thoroughly washed with 
water and dried. After removal of the solvent, the 
residue was dissolved in ethyl acetate-benzene and 
passed through a short column of alumina. The 
crude crystals obtained on concentrating the solvent 
were recrystallized from benzene to give IIIa, 
colorless leaflets, m.p. 176~177°C, yield 8.1g. 
(31.2%). (Ried reported a yield of 50~55% 
employing lithium amide.) 

Found: C, 84.47; H, 5.04. Calcd. for Co2Hi6O2 : 
C, 84.59; H,5.16%. 


* All melting points are uncorrected. 
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IR max(cm~!) 3320, 3260(von),  2225(»cec), 
1007 (do). 

p-Bis(phenylethynyl) benzene [Distolan] (I : n=2) 
—A solution of stannous chloride dihydrate (1.0 g.) 
in concentrated hydrochloric acid (3.0ml.) was 
added to a stirred solution of the glycol (Illa, 
388 mg.) in tetrahydrofuran (20 ml.), and the mix- 
ture was stirred for several hours at room temper- 
ature. After standing overnight, the reaction 
mixture was poured into water and extracted with 
benzene. The extract was washed with water and 
dried. After removal of the solvent, the residue 
was dissolved in light petroleum-benzene (1:1, 10 
ml.). The solution was then chromatographed over 
alumina and eluted with the same solvent, resulting 
in crude crystals. This was recrystallized from dry 
ethanol, yielding IVa, m.p. 172~175°C, 115 mg. 
(33.1%). Sublimation of this material in vacuo 
(160~175°C/15 mmHg) afforded pure IVa, colorless 
needles. 

Found: C, 95.12; H, 5.12. 
C, 94.93; H, 5.07%. 

IVa was also obtained in a yield of ca. 20% by 
a reductive aromatization of IIIa with phosphorus 
diiodide. 

p-Bis(§-phenylethyl)benzene.—IVa in dry tetra- 
hydrofuran was catalytically reduced over palladium- 
charcoal (5%). After removal of the catalyst, the 
reduction product obtained by evaporating the 
solvent was recrystallized twice from ethanol to 
yield p-bis(-phenylethyl)benzene, on _ colorless 
plates, m. p. 90.5~91°C. 

Found: C, 92.59; H, 7.67. 
C, 92.26; H, 7.74%. 

p-Stilbenealdehyde(V1I).—VI was prepared accord- 
ing to the procedure of Drefahl® with slight 
modifications, m.p. 113~114°C., 76% yield (lit. 
value, m.p. 116~117°C.). 

IR max.(cm~') 1695(vce-0), 1205, 
968(d-cH-). 

p-Styrylcinnamic Acid (VII).—Stilbenealdehyde 
(VI, 30.2 g., 0.145 mol.) and malonic acid (31g., 
0.29 mol.) were dissolved in a mixture of pyridine 
(60 ml.) and piperidine (1.5 ml.). A vigorous 
evolution of carbon dioxide was observed when the 
solution was warmed to 60~65°C. The solution 
was kept at 100°C for 3hr. and then refluxed for 
2hr. The cooled reaction mixture was poured onto 
crashed ice (300g.) containing hydrochloric acid 
(100 ml.). The precipitate was then filtered and 
washed with water. Recrystallization of this 
material from acetic acid yielded VII, on lustrous 
light yellow plates, m. p. 255~256°C, 27.5 g. (76%) 
(lit. value, m. p. 256~258°C, 70%). 

IR max.(cm~!) 1685(yc-0), 1427, 1278(-COOH), 
959(d-cu-). 

Methyl p-Styrylcinnamate (VIII).—A few milli- 
liters of concentrated sulfuric acid was added to a 
suspension of styrylcinnamic acid (VII, 20g.) in 
methanol (600 ml.), and the mixture was refluxed 
for 10hr. The crystals of the acid gradually 
changed to pale greenish yellow plates. The cooled 
reaction mixture was then filtered. The crystals 
obtained by concentrating the filtrate were combined 
with the first crop and recrystallized from carbon 
tetrachloride, resulting in VIII, on light yellow 


Caled. for Co2Hi,4: 


Caled. for C22He2 : 


1165(-CHO), 
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plates, m. p. 185.5~186°C, 20.4g. (97%). 

Found: C, 81.79; H, 6.18. Caled. for CisHi6O: : 
C, 81.79; H, 6.10%. 

UV max(myz) 236(¢=8,000), 345(24,000) (in 95% 
ethanol) 

IR max(cm~!)1717(ve=0), 1169, 1114(-COOCHs), 
980, 969, 961(d-cH_). 

Methyl! p-Styrylcinnamate Tetrabromide (IX) .— 
Bromine (30.0g., 0.19 mol.) in chloroform (30 ml.) 
was gradually added to a stirred solution of the 
ester (VIII, 20.4g., 0.077 mol.) in chloroform 
(700 ml.) under cooling with running water. The 
large amount of crystals deposited made the agita- 
tion of the reaction mixture impossible after about 
two-thirds of bromine had been added. After all 
the bromine had been introduced, the mixture was 
warmed to 40°C to complete the reaction. The 
crystals were filtered and washed with a small 
amount of chloroform, yielding the tetrabromide, 
33.8 g. (75%), m.p. 235~238°C (decomp.). Fur- 
ther recrystallization from acetic acid afforded a 
pure material, colorless scale-like crystals, m. p. 
242°C (decomp.). 

Found: Br, 54.25. 
54.74%. 

p-Phenylethynyl-phenylpropiolic Acid (X).—The 
tetrabromide (IX, 34g., 0.058 mol.) was intimately 
mixed with finely powdered potassium hydroxide 
(90 g., 0.6mol.) and absolute methanol (400 ml.) 
was added in one portion to the mixture. After 
the vigorous reaction had ceased, the mixture was 
refluxed for 8 to 10hr. The cooled reaction mix- 
ture was poured into water (600ml.), and the 
potassium .propiolate deposited was filtered and 
washed with a small amount of water. The 
combined filtrate and washing were extracted with 
ether. The ethereal extract was washed with water 
and dried. The residue obtained by removing the 
solvent was dissolved in light petroleum (b. p. 60~ 
70°C.) and passed through a short column of 
alumina. Recrystallization of the crude crystals 
which were obtained by concentrating the filtrate 
gave IIb, pale yellow needles, 0.5g. (4.3%), m. p. 
87~89.5°C. 

The above-mentioned potassium salt was dissolved 
in hot methanol (400 ml.) and treated with active 
charcoal. On acidification of the methanolic solu- 
tion with concentrated hydrochloric acid, crude p- 
phenylethynyl-phenylpropiolic acid (X) was obtained 
as crystals, m. p. 200~203°C, 9.7 g. (68%). Further 
purification was carried out by repeating the pre- 
cipitation of the acid (X) from the methanolic 
solution with the addition of water, while a 
decomposition was observed when a solution of 
the acid is heated, especially in the presence of 
active charcoal. The pure material melts at 206~ 
207°C. 

Found: C, 82.67; H, 4.15. 
C, 82.91; H, 4.09%. 
IR max. (cm~') 

1295(-COOH). 
p-Ethynyltolan (IIb).—To a solution of the 
propiolic acid (X, 1 part) in pyridine (10 parts) 
was added copper powder (0.1 part). The evolu- 
tion of carbon dioxide was observed immediately, 
and in a few minutes the reaction mixture began 


Calcd. for C;sH;eO2Br,: Br, 


Caled. for CyzH iO: : 


2205(vcec), 1667(vc-0), 1440, 
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to froth vigorously. After the vigorous reaction 
had subsided, the mixture was refluxed for 40~60 
min. To the cooled reaction mixture was added 
light petroleum (b. p. 60~70°C), and copper powder 
was removed by filtration. The filtrate was washed 
repeatedly with 2N hydrochloric acid and then with 
aqueous sodium hydroxide and water successively. 
Concentration of the dried filtrate resulted in light 
brown needles, m.p. 78~83°C (yield, 76~85%). 
The crude ethynyltolan thus obtained was purified 
through chromatography over alumina, as the crude 
material was contaminated with a small amount of 
the propiolic ester. Recrystallization of the eluate 
from light petroleum gave pure IIb. 

Found: C, 94.72; H, 4.98. Calcd. for CigHio: 
C, 95.02; H, 500%. 

IR max.(cm~!) 3260(vecH). 

The mercuric acetylide which was _ prepared 
according to the method of Johnson*# was recrys- 
tallized from ethanol-benzene, yielding silky long 
needles, m. p. 244~245°C. 

IR max.(cm~!) 2150 (vec). 

Bis(p-phenylethynyl-phenyl)diacetylene (XI).— 
Cupric acetate monohydrate (7.5g.) was added to 
a solution of p-ethynyltolan (IIb, 0.5g.) in dry 
pyridine (SO0ml.). The mixture was stirred for 
8hr. at 60~75°C. The reation mixture was diluted 
with benzene (200 ml.) and washed with 2 N hydro- 
chloric acid, aqueous sodium hydroxide and water 
successively. The benzene solution was dried and 
the solvent removed, yielding a red solid. The 
crude material was washed twice with a small 
amount of light petroleum. The light yellow 
crystals thus obtained were recrystallized twice 
from benzene to give pure XI, on colorless plates. 

Found: C, 95.04; H, 4.61. Caled. for Cys2His: 
C, 95.49; H, 4.51%. 

1, 4-Bis(p-phenylethynyl - phenylethynyl)-2, 5-cy- 
clohexadien-1,4-diol (IIIb).—Dry dioxane (50 ml.) 
was added to a solution of lithium amide (prepared 
from lithium, 0.1 g., 14.3 mmol.) in liquid ammonia, 
and the ammonia was evaporated, resulting in a 
light pink solution. Into this solution was stirred 
p-ethynyltolan (IIb, 3 g., 14.8 mmol.) in dry dioxane 
(10 ml.). The color of the solution gradually 
changed from yellow to a transparent dark brown. 
After warming to 50°C for 20min.,‘the mixture 
was refluxed for 10min. to expel the remaining 


24) J. R. Johnson and W. L. McEwen, J. Am. Chem. 
Soc., 48, 469 (1926). 
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ammonia and then cooled to room temperature. 
Under vigorous stirring, a solution of p-benzoqui- 
none (0.8g., 7.5mmol.) in dry dioxane (20 ml.) 
was slowly added to the mixture over a period of 
4hr. A transient development of blue color was 
observed, and the color of the mixture changed to 
brown, forming a large amount of precipitate. The 
reaction mixture was stirred for ca. 20hr. at room 
temperature and then refluxed for 3hr. The cooled 
reaction mixture was introduced into water (500 ml.) 
and extracted with ethyl acetate. The extract was 
washed with water, dried and chromatographed over 
alumina. The crystalline fractions were recrystal- 
lized from benzene, yielding the glycol (IIIb), in 
the form of fine, long silky needles, m. p. 248~ 
250°C., 475 mg. (12.6%). 

Found: C, 88.90; H, 4.72. Calcd. for C3sH24O:: 
C, 89.04; H, 4.72%. 

IR max.(cm~'!) 3580, 3460(von), 2230(rc=c), 1025, 
1000 (don). 

1, 4-Bis (p-phenylethynyl-phenylethyny!) benzene 
[ Tetrakistolan](IVb).—To a warm solution of the 
glycol (IIIb, 245 mg.) in ethyl acetate (30 ml.) was 
added a solution of stannous chloride dihydrate 
(1 g.) in acetic acid (2 ml.) and ethyl acetate (2 ml.). 
The immediate deposition of a light yellow precipi- 
tate was observed. The mixture was then refluxed 
for 4hr. and cooled. The precipitate was filtered 
(172 mg.) and dissolved in ethyl acetate. The 
solution was passed through a short column of 
alumina, and the filtrate was dried by evaporation. 
The residue, after recrystallization from chloroben 
zene, gave tetrakistolan (IVb), in the form of 
light greenish yellow needles with a green fluores- 
cence. 

Found: C, 95.06; H, 4.81. 
C, 95.37; H, 4.63%. 


Calcd. for C3sHe:2: 


The author wishes to express his hearty 
thanks to Professor Masazumi Nakagawa for 
his helpful guidance throughout this work. 
The cost of this research was partly defrayed 
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the Ministry of Education, to which author’s 
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Alternant Conjugate Systems. II. Syntheses of Stereoisomeric 
p-Distyrylbenzenes and Related Compounds* 


By Sdichi Misum1, Motoyuki KUWANA, Kunie MURASHIMA 
and Masazumi NAKAGAWA 


(Received March 7, 1961) 


From a study of the ultraviolet absorption 
spectra of cis-trans isomeric carotenoids, 
Zechmeister and Pauling’ have proposed a so- 
called “cis-peak rule” to correlate the molecu- 
lar geometry with the spectrum. But the 
ultraviolet spectra of 1, 18-diphenyl-3, 7, 12, 16- 
tetramethyl-octadecanonaenes containing one 
or two sterically hindered cis-double bonds 
lack the cis-peak*? which would be expected 
to appear according to the prediction of 
Zechmeister. Oroshnik* has also pointed out 
from his study of the ultraviolet spectra of 
sterically hindered retrovitamin A _ methyl 
ether and analogous compounds that the validity 
of Zechmeister’s rule may be restricted to 
sterically unhindered cis-polyenes and that the 
spectra of hindered cis-polyenes cannot be 
explained by this rule alone. 

In order to examine the validity of 
Zechmeister’s rule with regard to stilbene deriva- 
tives containing hindered cis-double bonds, 
the authors have carried out the syntheses of 
three stereoisomers of p-distyrylbenzene and 
related compounds. The present paper deals 
with the syntheses of these compounds; their 
spectroscopic properties will be discussed 
together with those of p, p’-distyrylstilbenes 
and related compounds in the following paper 
of this series. 

Among the three possible geometrical iso- 
mers of p-distyrylbenzene, the trans, trans- 
isomer was prepared by Kaufmann as early as 
1917. Afterward, various methods of pre- 
paration of this compound have been pro- 
posed®. The present authors have synthesized 
the trans-trans compound I according to the 
following series of reactions. 


* For a preliminary announcement of this study, 
see This Bulletin, 33, 711 (1960). 

1) L. Zechmeister, L. Pauling et al., J. Am. Chem. Soc., 
65, 1940 (1943); L. Zechmeister, Chem. Revs., 34, 267 (1944) ; 
Experientia, 10, 1 (1954). 

2) C. F. Garber, C. H. Eugster and P. Karrer, Helv. 
Chim. Acta, 35, 1580 (1952) ; 36, 562 (1953). 

3) W. Oroshnik and A. D. Mebane, J. Am. Chem. Soc., 
76, 5719 (1954). 

4) H. Kaufmann, Ber., 50, 524 (1917). 

5) a) G. Drefahl and G. Plétner, Chem. Ber., 91, 1274 
(1958); b) J. Dale, Acta Chem. Scand., 11, 971 (1957); c) 
K. Friedrich and H. G. Henning, Chem Ber., 92, 2944 
(1959); T. W. Campbe!l and R. N. McDonald, J. Org. 
Chem., 24, 1246 (1959). 
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It is well-known that the ethylenic compound 
obtained by a dehydrohalogenation or dehydra- 
tion reaction contains only a small amount of 
cis-isomer and that the partial hydrogenation 
of an acetylenic compound over Lindjar’s 
catalyst is regarded as the most practical meg¢hod 
obtaining cis-ethylenic compound’. More 
recently, it has been reported in some cases 
that the Wittig reaction” affords cis-compound 
together with trans-isomer. The authors have 
found during the course of the synthetical 
studies of stilbene homologues that the Wittig 
reaction is feasible for the synthesis of cis- 
isomer. Therefore, the second isomer, the 
trans, cis-p-distyrylbenzene (V), was prepared 
by the above-mentioned two methods. 


Br. 
< bai 5 

.C=CHBr KOBu-t 
XZ I 


1) n-BuLi 
2) PhCH,CHO 


| ~ -CH)-CH-< , )-C=C-< ?| 
OH 
p-TsOH _— 
‘ "a -C=C-< ~~ > 
Iv mg 
Pd-Pb-CaCO F «a 
‘. 


6) H. Lindlar, Helv. Chim. Acta, 35, 446 (1952). 
7) G. Wittig, Angew. Chem., 71, 260 (1959) 
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The corresponding acetylenic analogue, p- 
styryltolan (IV), was synthesized according to 
the following scheme from p-bromotolan (III), 
which is prepared by means of a Fritsch- 
Buttenberg-Wiechell rearrangement of a-p- 
bromophenyl-$-bromostyrene (II). 

p-Bromotolan (III) was also obtained by a 
dehydrochlorination of the ketodichloride of 
p-bromodesoxybenzoin (VI). This method has, 
however, been found to be less advantageous 
owing to the low yield of the Friedel-Crafts 
reaction for the preparation of VI. 


=\__ PhCH.COCI -- = 
Br-< » Br-<" >-COCH:-<" > 
VI 
1) PCl;-POCIs y= = 
>Br-< p-C=C-€ 3 
2) KOH-MeOH er a 


Ill 


p-Bromomethylstilbene which was derived 
from p-methylstilbene was converted to phos- 
phonium salt VII. The reaction of the salt 
VII with benzaldehyde yielded trans, trans-di- 
styrylbenzene and trans, cis-distyrylbenzene (V) 
in about the same yield. The trans, cis-isomer 
V thus obtained was found to be identical 


< > ti N. B.S. | 
—f \—< >-CHh 
FRR) ™" ae PhsP 
\I-N_¢ >-CH:Br 
— PhCHO 
— - B 
[< ? —<« > cH.PPh | 


Vv YF 


with the trans, cis-isomer derived from acetylenic 
analogue by partial hydrogenation. 


Vill 


Pe-Pe-CaCO» ret x <> 
am 


IX 


8) W. P. Buttenberg, Ann., 279, 327 (1894); P. Lipp, Ber., 
56, 570 (1923); G. H. Coleman et al., J. Am. Chem. Soc., 
56, 132 (1934); 58, 2310 (1936); M. Bouis, Ann. Chim., [10] 
9, 402 (1928); A. A. Bothner-By, J. Am. Chem. Soc., 77, 
3293 (1955). 
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The third isomer, cis, cis-p-distyrylbenzene 
(IX), was prepared by the double partial 
hydrogenation of p-bisphenylethynyl-benzene 
(VIII) over Lindlar’s catalyst*. 


< )-C=C-€__)-CHO + [PhCH,PPh;]CI 
x XI 


PEL IN 





Oey 
XII <? 


The reaction of tolanaldehyde (X)' with 
benzyltriphenylphosphonium chloride (XI) also 
gave trans-p-styryltolan (IV) and cis-p-styryl- 
tolan (XII) in about equal yields. The forma- 
tion of an equal amount of cis-isomer was 
also observed in the Wittig reaction of other 
stilbene homologues, which experiments will 
be reported on ina following paper. The forma- 
tion of a four-membered cycle in an inter- 
mediate stage of Wittig reaction is generally 
accepted, and the formation of cis- and trans- 
isomers in an almost equal yield seems to be 
rather peculiar on the basis of this hypothesis, 
since the intermediate of the cis-isomer is 








my 


Fig. 1. The ultraviolet spectra of p-distyryl- 
benzenes in n-hexane. 
trans, trans, ; trans, cis, —-—-; cis, 
cis, ---- 


9) S. Misumi, This Bulletin, 34, 1827 (1961). 

* Dale5* assigned the configuration of trans, cis- 
distyrylbenzene to a compound of m.p. about 95°C., 
which was isolated from the products of the photo- 
isomerization of trans, trans-isomer. However, the ultra- 
violet spectra of pure trans, cis- and cis, cis-compounds 
indicate that the compound of m.p. about 95°C is 
possibly a mixture of trans, cis- and cis, cis-isomers. 

10) G. Drefahl and G. Plétner, Chem. Ber., 93, 990 (1960). 
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TABLE I. PROPERTIES OF P-DISTYRYLBENZENES AND RELATED COMPOUNDS 


No. 
t—t 266 ~267 232 (16200) 
t—c 114 ~114.5 232 (20000) 
c—c 86.5~ 87.5 232 (27600) 
A—A 181.5~182 222 (20800) 
A—t 2414 ~201,5 230 (26600) 
A—c 78 ~ 78.5 227 (26800) 


271 (17700) 


UV spectrum, A4max(émax), Mp 


350 (57000) 


273 (12200) 331 (36500) 
270 (10900) 314 (17700) 


318 (45400) 
333 (55300) 
312 (32900) 


t, c and A denote cis-ethylenic, trans-ethylenic and acetylenic linkage, respectively. 
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220 240 «260~=S«280 «= «300~=S=O«20~=SOKS*«SS*«B 
my 
Fig. 2. The ultraviolet spectra of p-styryl- 
tolans (IV, trans, —-—-; XII, cis, ----) 
and distolan (VIII, ) in n-hexane. 


probably less stable than that of the trans- 
isomer Owing to the steric interaction of two 
phenyl groups. 

The ultraviolet spectra of the above-mentioned 
three stereoisomeric p-distyrylbenzenes and two 
p-styryltolans are presented in Figs. 1 and 2. 
The spectroscopic and physical properties of 
these compounds are summarized in Table I. 

The shifts of the wavelength, where the 
absorption maxima of these compounds at the 
longest wavelength appear, represent an interest- 
ing feature. The introduction of a cis-double 
bond or an acetylenic bond instead of a trans- 
double bond caused a blue shift of ca. 18 and 
16 my respectively. The absorption intensities 
Of Amax at the longest wavelength of trans- 
trans, trans-acetylene and  acetylene-acetylene 
compounds diminish with the increase in the 
amount of acetylenic linkage. Usually the 
absorption intensity of polyyne compound was 
found to be 2.6 fold as large as that of polyene 
compound. This phenomenon has _ been 
explained in terms of the larger number of 
m-electrons in triple bond and the linear geo- 
metry of polyyne compound'». As_ stated 
above, this is not valid for the absorption 


11) F. Bohimann, Angew. Chem., 65, 385 (1953). 


intensities of an alternant conjugate system of 
the styryltolan type. The decrease of absorp- 
tion intensity by the introduction of aceylenic 
linkage seems to be attributable to an enhance- 
ment of the free rotation of the p-phenylene 
group, which may decrease the probability of 
transition of the full conjugate system. 

The photoisomerizations and the discussions 
concerning the cis-peak of these compounds 
will be reported in the following paper together 
with those of the compounds of the distyryl- 
stilbene series. 


Experimental* 


trans, trans-p-Distyrylbenzene (1).—a) From 
Terephthalaldehyde.—To a stirred solution of benzyl- 
magnesium chloride (from magnesium, 3.75 g. and 
benzyl chloride, 20.0g., 0.158 mol.) in dry ether 
(100 ml.) was added dropwise terephthalaldehyde!” 
(10.0 g., 0.075 mol.) in dry tetrahydrofuran (150 ml.); 
this mixture was refluxed for 3hr. A saturated 
aqueous solution of ammonium chloride was added 
to the cooled mixture and the organic layer separated 
by decantation. The inorganic residue was extracted 
with ether and the extract combined with the 
organic layer. The solvent was distilled from the 
combined solution to give the crude glycol (27g.). 
A solution of the crude glycol (25 g.) in dry toluene 
(220 ml.) containing p-toluenesulfonic acid (0.8 g.) 
was refluxed for 2hr. The crystals deposited from 
the cooled reaction mixture were filtered and recrys- 
tallized from chlorobenzene, yielding trans, trans-p- 
distyrylbenzene (I), on light greenish yellow plates, 
m.p. 261~262.5°C. The viscous tarry material 
obtained by concentration of the mother liquor was 
treated with chlorobenzene, yielding a second crop 
of I. The crude material was repeatedly recrystal- 
lized from chlorobenzene to give I. The total 
yield was found to be 4.3g. (22%). Further 
recrystallization from the same solvent afforded 
pure I, m. p. 266~267°C. 

Found: C, 93.59; H, 6.76. Caled. for CooHis: 
C, 93.57; H, 6.43%. 

b) From p-Styrylbenzyl-triphenylphosphonium Bro- 
mide (VII).—I was obtained from VII together with 
trans, cis-p-distyrylbenzene (V). The details will 
be described in section b) on the preparation of V. 

p-Bromotolan (III).—The bromostyrene (II) was 
prepared from p-bromoacetophenone'® via _ three 


* All melting points are uncorrected. 
12) J. M. Snell and A. Weissberger, “‘ Org. Synth.”’, Col. 
Vol. I (1948), p. 109. 
13) R. Adams and C. R. Noller, ibid., (1955), p. 788. 
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steps according to the method of Bothner-By® ina 
yield of 26%, trans-form, m.p. 105.5~106.5°C. A 
solution of potassium terft-butoxide in tert-butyl 
alcohol (from potassium, 3 g. and tert-butyl alcohol, 
40 ml.) was stirred with the finely powdered p- 
bromostyrene (II, 17g., 0.05 mol.), and the mixture 
was refluxed for 3 days. To the cooled reaction 
mixture, tert-butyl alcohol (180 ml.) and water 
(360 ml.) were added, precipitating a colorless solid. 
The solid was filtered, washed with water and dried. 
The recrystallization of solid from light petroleum 
yielded III, in the form of colorless plates, m. p. 
82~83°C, 10.5g. (83%). 

Found: C, 65.81; H, 3.54; Br, 30.73. Calcd. 
for CyH gBr: C, 65.39; H, 3.53; Br, 31.07%. 

trans-p-Styryltolan (IV).—a) From p-Bromo- 
tolan (III).—A little excess of n-butyllithium in ether 
(prepared from n-butyl chloride and lithium, the 
concentration being estimated by titration with 
0.1. N hydrochloric acid) was slowly stirred into a 
solution of p-bromotolan (10.3 g., 0.04 mol.) in dry 
ether (100 ml.) in an atmosphere of pure nitrogen, 
and the mixture was refluxed for 2.5hr. To the 
resultant orange yellow solution of tolan-lithium 
was added phenylacetaldehyde (6g., 0.05 mol., 
freshly prepared from the dimethylacetal) in dry 
ether (65ml.) at room temperature. A_ gradual 
change of the orange yellow color of the mixture 
to a white suspension was observed. Then the 
mixture was refluxed for 3hr. to complete the 
reaction. A slow stream of pure nitrogen was 
introduced continuously into the reaction flask 
throughout these operations. A saturated aqueous 
solution of ammonium chloride (5.5g.) and water 
were successively added to the cooled reaction 
mixture. The organic layer was separated. The 
organic layer and the ethereal extract were combined, 
washed with water and dried. The orange-colored 
oily residue obtained on evaporating the solvent 
was dissolved in dry toluene (150 ml.) containing 
p-toluenesulfonic acid (0.5g.). The solution was 
refluxed, and the water formed was removed 
continuously by means of a water-separator. The 
crystals deposited on cooling the mixture were 
filtered and the mother liquor concentrated, result- 
ing in the deposition of a second crop of crystals. 
The combined crystals were recrystallized twice 
from benzene, yielding trans-p-styryltolan, in the 
form of colorless leaflets, m. p. 211~211.5°C, 3.5 g. 
(31%). 

Found: C, 94.09; H, 5.83. 
C, 94.25; H, 5.75%. 

b) From p-Tolanaldehyde (X) by Wittig Reaction. 
—The reactions described below were carried out 
in a dark place. p-Tolanaldehyde™™ (1g., 4.85 
mmol.) and benzyltriphenylphosphonium chloride 
(2g., 5.15mmol., m.p. 313~315°C) were mixed 
with absolute ethanol (25ml.). To the stirred 
suspension was added an excess of lithium ethoxide 
in absolute ethanol. After stirring for 8.S5hr. at 
room temperature, the deposited pale yellow solid 
(0.7 g., a mixture of trans-p-styryltolan and phos- 
phonium salt) was filtered. The solid was dissolved 
in benzene and the solution passed through a 
column of alumina to remove the phosphonium 
salt. The crude crystals obtained on evaporating 


Caled. for Co2Hie: 
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the filtrate were recrystallized from benzene, yielding 
trans-p-styryltolan, in the form of colorless leaflets, 
m. p. 210~211°C, 0.5g. (35.7%); this was found 
to be identical with the specimen obtained by the 
above-mentioned method a) by mixed melting point 
determination. 

cis-p-Styryltolan (XII).— The following opera- 
tions were carried out in a dark place. The above- 
mentioned mother liquor of the Wittig reaction 
was diluted with water, precipitating a mixture of 
a solid and a brown oily material. The precipitate 
was dissolved in light petroleum. The solution 
was passed through a column of alumina and 
eluted with the same soivent. A colorless solid 
(m.p. 76~78°C) obtained from the eluate was 
recrystallized from aqueous ethanol, giving cis-p- 
styryltolan (XII), m.p. 78~78.5°C, colorless 
needles, 0.6g. (49.2%). 

Found: C, 93.88; H, 5.69. 
C, M253 Bh, 3.79%. 

trans, cis-p-Distyrylbenzene (V).—a) Partial 
Reduction of trans-p-Styryltolan (IV ).—The following 
Operations were carried out in a dark place. 
Hydrogenation of the styryltolan (IV, 0.1 g.) in 
tetrahydrofuran (20ml.) over Lindlar’s catalyst 
resulted in the uptake of ca. 1 mol. of hydrogen. 
After removal of the catalyst, the solvent was 
evaporated under a reduced pressure. The residue 
was mixed with hot ethanol. The hot mixture was 
filtered to remove a small amount of insoluble 
trans, trans-isomer. The crystals separated on 
cooling the filtrate were filtered promptly. The 
crystals were found to be pure trans, cis-isomer V, 
in the form of colorless plates, m. p. 114~114.5°C. 

Found: C, 93.58; H, 6.44. Calcd. for CooHis: 
C, 93.57; H, 6.43%. 

b) From p-Styrylbenzyl-triphenylphosphonium Bro- 
mide (VII).—The following reactions and operations 
were carried out ina dark place. The phosphonium 
salt (VII, 2 g., 3.74 mmol.) was added to a solution 
of benzaldehyde (0.4g., 3.77mmol.) in absolute 
ethanol (60 ml.). Into this suspension was stirred 
an excess of a solution of lithium ethoxide in 
absolute ethanol. The mixture was stirred for 3 hr. 
at room temperature, and the solid was filtered 
(filtrate A). The solid was digested with boiling 
ethanol (30ml.) and the insoluble material (solid 
B) filtered. The filtrate was cooled to yield trans, 
cis-isomer (V), m.p. 113.5~114.5°C. This was 
combined with the second crop, which was obtained 
on diluting the filtrate A with water and recrys- 
tallized from ethanol, yielding pure trans, cis-isomer 
(V), in the form of colorless plates, m.p. 113.5~ 
114.5°C, 340 mg. (32.3%). This substance showed 
no depression of the melting point on admixture 
with the specimen derived by the above-mentioned 
method a). 

Recrystallization of the solid B from chlorobenzene 
yielded trans, trans-isomer I, in the form of light 
greenish yellow plates, m. p. 253°C, 370 mg. (35.1%). 
The mixed melting point determination of this 
substance with the specimen derived from _ tere- 
phthalaldehyde proved the identity. 

Exposure of the mother liquor of recrystallization 
of trans, cis-isomer to direct sunlight resulted in a 
deposition of crystals. This crystals were found to 


Caled. for C22Hie: 
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be identical with trans,trans-isomer I, m. p. 255°C, 
44 mg. (4%). 

The total yield of the Wittig reaction was found 
to be 754mg. (71.5%). 

cis, cis-p-Distyrylbenzene (IX).—Two moles of 
hydrogen were absorbed in a period of 18 min. on 
the hydrogenation of a solution of p-bis(phenyl- 
ethynyl) benzene (VIII, 80mg.) in tetrahydrofuran 
(20 ml.) over Lindlar’s catalyst. After removal of 
the catalyst, the solvent was distilled under reduced 
pressure, yielding crystals. Repeated recrystalliza- 
tion of the crystals from light petroleum afforded 
cis, cis-isomer IX, in the form of colorless leaflets, 
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m. p. 86.5~87.5°C. 
Found: C, 93.79; H, 6.60. Calcd. for Co2Hjs: 
C, 93.57; H, 6.43%. 


The cost of this research was partly defrayed 
by the Scientific Research Expenditure Fund 
of the Ministry of Education, to which the 
authors’ thanks are due. 
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Preparation and Absorption Spectra of the Cobalt(III) 
Complexes of Amino Acids” 


By Motoshichi Mori, Muraji SHiBaTA, Eishin KyuNo and Mitsuhiro KANAYA 


(Received March 3, 1961) 


There are two isomers, a (violet) and § (red), 
of trisglycinatocobalt(III). It has recently 
been ascertained from the absorption spectra 
by Shimura and Tsuchida» and also by Basolo 
et al. that the more soluble a-form is a 
trans-cis isomer and that the other is a cis-cis 
isomer. This assignment is supported theoreti- 
cally by Nakamoto et al. Furthermore, 
Shimura» came to the same conclusion with 
trisalaninato cobalt(III). 

The present research has two main purposes: 
one is an investigation on the preparation of 
these kinds of complexes, and the other an 
approach to the structures of the complexes 
by comparing their absorption spectra with 
those of model compounds having cis-cis and 
trans-cis structures. In addition, the thermal 
stability and the infrared spectra of the com- 
plexes are studied. 


Experimental 


Preparation.—i) Method Using Cobalt(III) Hydro- 
xide.—This is essentially the same as the method 
of Ley and Winkler®. Toa solution of the desired 


1) Part V: On the syntheses of metal complexes. 
Part IV. M. Mori, M. Shibata, E. Kyuno and Y. Okubo, 
This Bulletin, 31, 940 (1958). Partly presented at the 11th 
Annual Meeting of the Chemical Society of Japan, Tokyo, 
April, 1958. 

2) Y. Shimura and R. Tsuchida, This Bulletin, 29, 311 
(1956). 

3) F. Basolo, C. J. Ballhausen and J. Bjerrum, Acta 
Chem. Scand., 9, 810 (1955). 

4) K. Nakamoto, J. Fujita, M. Kobayashi and R. 
Tsuchida, J. Chem. Phys., 27, 439 (1957). 

5) Y. Shimura, This Bulletin, 31, 173 (1958). 

6) H. Ley and H. Winkler, Ber., 42, 3894 (1909). 


amino acid was added a slight excess of freshly 
prepared cobalt(III) hydroxide, and the mixture 
was heated on a water-bath until a dark red solution 
was obtained. The resultant solution was filtered 
once to remove unreacted hydroxide. The filtrate 
was evaporated on a water-bath almost to dryness. 
The residue was dissolved in a little hot water, 
and the solution was filtered, if mecessary. On 
evaporating and then standing the solution, violet 
crystals of the a-form were obtained. The cor- 
responding 3-form was contaminated with the a- 
form, but the amount of contamination was very 
small. It was very easy to purify the a-form be- 
cause of the great difference between the solubilities 
of the two isomers. By this method the a-isomers 
of glycine, d/-alanine and /-leucine were prepared 
with good yields. Therefore, this method may be 
recommended as a general method for the a-isomer. 


Found: Co, 20.7; N, 14.8. Caled. for a- 
[(Co(gly);*]: Co, 20.9; N, 14.9%. Found: Co, 
18.1; N, 12.8. Caled. for a-[Co(ala*);]: Co, 
18.2; N, 13.0%. Found: Co, 11.8; N, 18.4. 


Caled. for a-[Co(leu*)3]: Co, 12.8; N, 18.6%. 

ii) Method Using Hexamminecobalt( III) Chloride. 
—This method was devised by us though a similar 
method was reported almost at the same time”; 
the principle is based on the following equation ; 


[Co(NHs3)¢6]Cl;+ 3NH2,CH,COOH + 3KOH 
=> [Co(gly) 3] a 3KCI+3H20+6NHs; 


A mixed solution of the desired amino acid with 
the hexamminecobalt(III) chloride was introduced 


The following abbreviations are used: 
gly, NH»CH2COO-; ala, NH2CH(CH;)COO-; 
leu, (CH;)2»,CHCH2,CH(NH2)COO-. 
7) R. G. Neville and G. Gorin, J. Am. Chem. Soc., 78, 
4895 (1956). 
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into a round flask with an air condenser, and a 
slight excess of 3N potassium hydroxide was added 
to the mixture. The whole was heated until some 
crystalline materials appeared in it (it took more 
than lhr.). On cooling the contents by holding 
the flask in running water, fine violet crystals of 
the §-form separated out. In this step the a-form 
was not obtained even in traces, but it was produced 
with a poor yield on evaporating the mother liquor. 

From the experiments with glycine, d/-alanine 
and /-leucine, it was found that this method was 
convenient for the preparation of the less soluble 
f-form. 

Found: Co, 19.6; N, 13.8. Calcd. for 5-[Co 
(gly)3]: Co, 19.7; N, 14.0%. Found; Co, 18.5; 
N, 12.9. Calcd. for £-[Co(ala)3]: Co, 18.2; N, 
13.0%. Found: Co, 12.4; N, 8.8%; Calcd. for 
B-[Co(leu)3]: Co, 12.6; N, 9.0%. 

iii) Method Using Potassium Tricarbonatocobaltate 
(I1I).—The reaction to this method, which was also 
devised by us, is as follows: 


K;[Co(COs)3] + 3INH:CH:COOH + 3CH;COOH 
[Co(gly)3] +3CH;COOK + 3H,0+ 3CO, 


A desired amino acid was poured into a green 
solution of tricarbonatocobaltate(III) prepared by 
the method described in a previous paper», and the 
mixture was warmed on a water-bath for a little 
while, whereupon the color of the solution changed 
from green to blue. Then, 6N acetic acid was 
added dropwise until the evolution of carbon 
dioxide ceased and the color of the solution became 


red-viotet. After filtering the solution, the filtrate 
was allowed to stand for some time in the cold. 


Crystals of the less soluble $-form were deposited, 
and then the a-form separated out on evaporating 
the mother liquor over sulfuric acid. This method 
was applied to the same materials as those in i) 
and ii), and @ and § isomers were obtained in 
about equal amounts. 

iv) Ammoniatriacetatoethylenediaminecobalt( 111), 
[Co en(ata*)|-H.O.—About 3 g. of the a-K[Co(ata) 
(OH) (OH:)]-2H2O prepared by the method des- 
cribed in the previous paper* was suspended in 
20 ml. of water, and 6ml. of a 10% solution of 
ethylenediamine was added to the suspension. The 
mixture was warmed on a water-bath until a red- 
violet solution was obtained. On evaporating the 
resultant solution over sulfuric acid, dark violet 
crystals of the desired complex separated out 
gradually. Yield, about 3g. 

Found: Co, 17.8; N, 12.7. Caled. for [Co en 
(ata)]-H2O: Co, 18.1; N, 12.9%. 

Vv) Citratotriamminecobalt(III), (Co(NHs)3cit**)- 
H,O.—About 5g. of cis-cis-[Co(NH3)3(NOs3)3] and 
2g. of potassium citrate were dissolved separately 
in a little hot water, and the solutions were mixed 
and warmed on a water-bath for a few minutes. 
Then, about three volumes of ethanol was added 
to the solution, whereupon a violet oily material 


8) M. Mori, M. Shibata, E. Kyuno and T. Adachi, 
This Bulletin, 29, 883 (1956). 

* Abbreviation ata stands for ammoniatriacetate ion. 

9) M. Mori, M. Shibata, E. Kyuno and Y. Okubo, 
This Bulletin, 31, 940 (1958). 

* Abbreviation cit stands for citrate ion. 
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went to the bottom. After removal of the material 
by a separating funnel, the solution was kept in a 
refrigerator until fine rosy crystals separated out. 
This was slightly hygroscopic. Yield, about 1.5 g. 

Found: Co, 17.9; WN; 12.7. Caled. for fCo 
(NHs)scit]-H2,0: Co, 18.6; N, 13.1%. 

Of all the complexes prepared here, the ammonia- 
triacetatoethylenediamine- and the citratotriammine- 
cobalt(III) are to be regarded as new complexes. 
The aqueous solutions of all the complexes are 
very stable against acids and heat. Their solubili- 
ties in water decrease in the order of the glycinato-, 
the alaninato- and the leucinato-complexes ; while 
the leucinato-complex is soluble to a certain extent 
in ethanol, the glycinato-complex is sparingly 
soluble in it. 

Thermal Decomposition and Absorption Spectra. 
—The thermal decomposition was performed by 
using a Shimadzu thermal-balance in the same 
manner as that described in a previous paper. The 
absorption spectra in solution were measured by a 
Hitachi EPU spectrophotometer, and the infrared 
spectra were obtained with a Koken DS 201 infrared 
spectrophotometer equipped with sodium chloride 
optics. 


Results and Discussion 


Thermal Decomposition.—The decomposition 
curves of the glycinato-, alaninato- and leu- 
cinato-complexes are shown in Figs. 1—2 in 


‘ which the weight loss per formual weight was 


plotted against temperature. In the case of 
the $-glycinato-complex, there is a certain 
weight loss corresponding to one molecule of 
water at 100~150°C, but there is no such 
weight loss in the corresponding a-complex. 
It has been believed that the a-complex has 
two molecules of water of crystallization, but 
the compound obtained in the present study 
is anhydrous. The decompositions of both 
isomers begin at nearly 220°C, and the weight 
loss corresponding tq three molecules of 
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Fig. 1. Thermal decomposition curves of : 
- a-[Co(gly)s] 
-* a-[(Co(ala)s] 
setees a-[Co(leu)3]*2H:O 
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ammonia is clearly observed at the first stage 
of decomposition. In the cases of the a- and 
the f-alaninato-complex there is no evidence 
for the existence of water of crystallization 
and the decomposition temperatures are about 
250°C. For the a-isomer of the leucinato- 
complexes, the removal of water takes place 
in two steps and the total amounts correspond 
to 2H.O. On the other hand, the {-isomer 
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Fig. 2. Thermal decomposition curves of : 
8-[Co(gly)3]-H2O 
---» $-[Co(ala)s] 
tess 6-[Co(leu) 3] 
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Fig. 3. Thermal decomposition curves of: 


—  [Coen(ata)]-H.,O 
[Co(NHs)scit]-H:O 
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may be anhydrous because no distinct weight 
loss is observed. The decomposition tempera- 
tures are in the neighborhood of 180°C. In 
general, it may be said that the a-forms are 
less stable than the corresponding §-forms, 
though the difference in the decomposition 
temperature is not very large. 
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Fig. 4. Absorption spectra of: 
- a-[Co(gly)s] 
a-[Co(ala)3] 
setees a-[Co(leu);]-H2O 
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Frequency, 10'* sec~! 
Fig. 5. Absorption spectra of : 
— f-[Co(gly)s] 
---» §-[Co(ala)s3] 
6-(Co(leu)3]-H2,O 


ABSORPTION MAXIMA AND loge (10!*/sec.) 
vy log ¢; ve log é2 v3 log ¢3 v2 caled 4 
a-[Co(gly)s] 55.4 1.97 80.4 2.15 136.4 4.64 79.18 L.2Ze 
a-[Co(ala)3] 55.6 1.9% 80.7 2.16 135.8 4.34 79.42 1.28 
a-[Co(leu)3]-2H20 55.6 2.04 80.0 2.23 135.8 4.30 79.42 + 0.58 
[Co en(ata)]-H,O0 57.5 2.20 82.0 2.24 133.9 4.59 81.68 +0.32 
B-([Co(gly)3]-H:0 St8 2.16 79.6 2.08 140.2 4.45 81.92 —2.32 
8-[Co(ala)] 58.0 2.22 80.4 2.21 — — 82.27 -1.87 
6-[Co(leu)3]-H,0 58.0 acat 80.4 2.26 — — 82.27 —1.87 
[Co(NHs)scit]-H2O 56.4 1.58 79.8 1.92 - — 80.37 —0.57 
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TABLE II. IN®2ARED ABSORPTION 
Assignment a-[Co(gly) 3] B-[Co(gly) 3] a-[Co(ala) 3] £-[Co(ala)3] 
3356(sh) 3460( w ) 
st NH; 3106(sh) 3106(sh) 3125(s ) 3096 (sh) 
1621 (vs) 1634(vs) 
st-a CO, 1618(vs) 1585(vs) 1629(vs) 1582(vs) 
st-s CO, 1351 (sh) 1350(sh) 1344(sh) 1344(sh) 
d, w NH2 1299(m) 1302(s ) 1282(s ) 1274(vs) 
st-a CCN 1233(m) 1205(s ) 1238(w) 1250(w) 
d,t CH, 1181(s ) 1174(s ) 1190(m) 1190(m) 
d,t NH, 1036(w) 1030( w) 1024( w) 1028( w) 
- ° : og 955(w) 963(m) - ie 
st-s CCN 911(m) 919(m) 924(m) 923(m) 
864(s ) 858(s ) 
d, r NH: 819(m) 821(m) 
: 821( w) 821(sh) 
or d, r CH: 778(w) 776(m) 806( w ) 807(m) 
759(w) 
d co 753(m) 755(w) 763(w) 761(w) 
1124(sh) 
? 1133(s ) 1149(s ) 1126(s ) 1109(m) 


* K. Nakamura, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 80, 
The abbreviations used in the first column of the table of assignments are: st, 
tr, rocking vibration; 


ing vibration; d, deformation vibration ; 


twisting vibration; ?, 





40 60 80 100 120 140 


Frequency, 10'3 sec! 
Fig. 6. Absorption spectra of : 
[Co en(ata)]-H2,O 
[Co(NHs)scit]-H:0 


The decomosition curves for the ammonia- 
triacetato- and the citrato-complex are shown in 
Fig. 3. The former complex loses one molecule 
of water at a temperature below 100°C and 
begins to decompose at about 240°C. The 
latter is dehydrated at about 150°C and then 
decomposed when the temperature is raised. 

Visible and Ultraviolet Absorption Spectra.— 
The absorption spectra of the a- and the §- 
forms are summarized in Figs. 4 and 5 respec- 


assignment uncertain ; 


113 (1959). 
bond stretch- 
WwW, Wagging vibration; t, 


-s, symmetric vibration; -a, asymmetric vibra- 


tively. The characteristic difference between 
them is seen in the first and the third bands; all 
of the first bands of the a-forms are more or 
less splitted, while those of the $-forms are 
normal and sharp. The third bands for the 
a-forms are sharper than those for the 8-forms. 

The absorption curves of the ammoniatri- 
acetato- and the citrato-complex are shown in 
Fig. 6. The former complex has a somewhat 
split first band and a distinct third band, but the 
latter has a sharp first band and no maximum 
in the region of the’ third band. 

As mentioned above, the ammoniatriacetato- 
complex is taken as a model for the trans-cis 
configuration and the citrato-complex for the 
cis-cis configuration, because ammoniatriacetate 
ion acts as a tetradentate donor and citrate 
ion is a tridentate ligand; consequently the 
most probable structures of the two complexes 
are thought to be those given in Fig. 7. From 
the similarity of the absorption spectra, it may 
be concluded that all the a-forms have the 
trans-cis structure and the §-forms, the cis-cis. 
The same conclusion has been reached by 
others?’*5> but a somewhat different approach 
was adopted in our study. 

The numerical data of the absorption spectra 
of these complexes are summarized in Table 
I; the absorption maxima for the second bands 
reveal a general relationship between the a- 
and f$-isomers. In the last two columns of 


vs =—@ Om G CG G ww HM 


— = 


ae /~ 


™t we 
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BANDS(cm~!) FOR AMINOACIDS COMPLEXES 
a-[Co(leu) 3] 8-[Co(leu) 3] 
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[Co en(ata)]-HzO [Co(NHs);cit]/-Hx0 NH2-CH,-COOH* 


3413(w) 3425 (sh) 
3175(sh) 3175(sh) 3145(m) 3175(sh) 
1639(vs) 
1634(vs) 1613(vs) 1631(vs) 1577(vs) 1572(vs) 
1325(sh) 1333(s ) 1323(m) 1328(s ) 1412(s ) 
1299(m) 1299(m) 1266(m) 1271(m) 1133(m) 
1109(m) 
1235(w) 1266(w) 1229(w) 1232(s ) 1034(s ) 
1160(m) 1190(w) 1198(w) 1170(w) 
1073(w) 1040( w) 1059(m) 1067(s ) 
988(w) 971(w) 957(w) 938(w) 909 (sh) 
926(w) 924(w) 913(s ) 914(w) 892(s ) 
847(m) 843(m) 849(sh) 862(s ) 
821(w) 820(w) 820(sh) 
794(w) 777(w) 
758(w) 727(s ) 758(s ) 727(s ) 696(s ) 
1127(w) 1134(w) 1152(s ) 1140(s ) 


tion. The abbreviation used in the body of the table of assignments to indicate the relative 
intensities of the absorption are; vs, very strong; s, strong; m, medium strong; w, weak; 


sh, shoulder. 
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OH 
[Co(NHs);cit] 


[Co en(ata) ] 
Fig. 7. Probable structures. 


the table, the values calculated by a Sone’s 
equation’ and the differences (4) of the 
calculated values from the observed maxima 
are given. All of the trans-cis isomers show 
positive difference and the cis-cis isomers, 
negative difference. 

Infrared Spectra.—The numerical data of the 
infrared spectra are summarized in Table II, 
in which the assignment is carried out with 
reference to papers of Nakamura and others!». 
A distinctive difference between the absorption 
of a- and §-isomers is observed in the region 
of 1580~1630cm~-'; there is only one peak 
for the a-isomer, but the $-isomer has two 
split absorption peaks. Among the isomers of 
the same type, the absorption maxima shifted 


10) K. Sone, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 71, 270 (1950). 
11) K. Nakamura, ibid., 80, 113 (1959): S. Mizushima 
and I. Nakagawa, ibid., 80, 124 (1959). 


to longer wavelengths in the following order: 
the leucinato-, the alaninato- and the glycinato- 
complexes. 

Preparation.—It is very interesting that the 
methods mentioned in the Experimental section 
above have preferential properties for the 
production of cis-cis and trans-cis isomers ; the 
cobalt(III) hydroxide method favors. the 
trans-cis, the hexammine method is advantage- 
ous for the cis-cis, and the tricarbonato method 
gives both isomers in the about the same 
amount. Therefore, somewhat different mecha- 
nisms may be involved in these methods and 
perhaps in the formation of the isomers; the 
decisive factor is which of the nitrogen and 
oxygen atoms of the incoming donor attacks 
the objects first. 


Summary 


Three different methods were investigated 
of the preparation of trisglycinato-, trisalani- 
nato- and trisleucinato-cobalt(III1). The method 
using cobalt(III) hydroxide is convenient for 
the a-form, the method using hexammine- 
cobalt(III) salt is advantageous for the $-form, 
and the method using tricarbonatocobaltate(III) 
gives both forms of the complexes. In addition, 
two new isomers of [Co en(ata)]-H2O and 
[Co(NH;);cit] -H2O having trans-cis and cis-cis 
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configurations with respect to the coordinated 
atoms were synthesized. 

By comparing the visible and the ultraviolet 
absorption spectra, it was concluded that the 
a-form is a trans-cis isomer and that the §- 
form is a cis-cis isomer. Thermal decomposition 
of the complexes was performed in order to 


estimate the water of crystallization and the 
stability. The infrared spectra of the complexes 
were also measured. 


Department of Chemistry 
Faculty of Science 
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Kanazawa 


Studies on Metal Complex Species Using an Anion Exchange Resin. 
II. On the Adsorption of Silver from Nitrate Solution 


By Hirohiko Waki 


(Received January 16, 1961) 


In the previous papers’’» the author has 
derived equations for determining the compo- 
sition of a metal complex by use of an anion 
exchange resin and applied them to mercury- 
(11)-nitrate complex species. Silver is, as well 
as mercury, adsorbed on an anion exchange 
resin from solutions of various nitrates or 
nitric acid, though its adsorption is not strong. 
In this paper the adsorption of silver from 
nitrate solutions and nitric acid was studied 
and its form in the resin was determined by 
the previously reported method':” as well as 
by a new method. 

The adsorption of silver nitrate on an anion 
exchanger Dowex 1-X8 was examined and 
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Fig. 1. Adsorption of Ag, Na and K from 
the solution of its nitrate only. 
| AgNO, © NaNO; x KNO; 


1) H. Waki, This Bulletin, 33, 1469 (1960). 
2) H. Waki, ibid., 34, 829 (1961). 


compared with that of alkali nitrates. Even 
alkali nitrates are taken up a little in the 
resin, but no appreciable difference in the 
adsorbability between sodium and potassium 
is evident, as shown in Fig. 1. The apparent 
adsorption of alkali metals may be considered 
merely as a permeation of dissociated normal 
salts. On the other hand, the adsorbed amount 
of silver nitrate is considerably larger than 
that of alkali nitrates. 

This difference in the adsorbability between 
silver and alkali metals is remarkable when a 
small quantity of these elements is used in a 
nitric acid medium, as shown in Fig. 2. The 


D 


Distribution coefficient, 
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Fig. 2. Adsorption of Ag and Na in small 
quantity from nitrate solutions. 
Metal: 0.1 mmol., Resin: 3g., 
Solution: 8 ml 
‘| Ag in NaNO, x Ag in HNO; 
© Na in HNO; 
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distribution coefficient of sodium is very small 
and; scarcely increases at all with an increase 
in nitric acid concentration. On the other 
hand, the distribution coefficient of silver in 
nitric acid increases rapidly in the beginning, 
then gradually to a maximum near 3M nitric 
acid and then decreases gradually. In sodium 
nitrate solution, the coefficient has no maximum 
and is somewhat greater than that in nitric 
acid. Although the coefficient is considerably 
smaller than that of mercury’, it may be 
reasonable to consider that the adsorption of 
silver is not a simple permeation of the normal 
salt but is related to the formation of nitrate 
complex species. 

However, silver ion does not appear to form 
any nitrate complex anion in an_ ordinary 
nitrate solution, since silver nitrate may be 
regarded as a kind of relatively strong electro- 
lyte, as seen from the fact that the mean 
activity coefficient® of silver nitrate is similar 
to that of alkali nitrate, especially that of 
potassium nitrate and rubidium nitrate, and 
at the utmost the presence of undissociated 
silver nitrate*? may be considered only in 
concentrated nitrate solution. Even if a slight 
quantity of the complex anion is present in 
the solution, it may be difficult to consider 
that the adsorption of silver takes place by a 
successive permeation of the complex, because 
it takes only a short time to reach the adsorp- 
tion equilibrium. Accordingly, the adsorption 
of silver may be explained by its movement 
into the resin phase as silver ion Ag* and 
neutral species AgNO,°, followed by the con- 
version into a silver-nitrate complex in the 
resin phase. 

For the purpose of determining the com- 
position of a metal complex by use of an anion 
exchange resin, the distribution coefficient D 
of a metal element was expressed as follows!”: 


log D: (n - 5 low ix | 


—(m- 5 Jlowcx’-) +K+G (1) 
where ( ) and [ ] indicate the concentrations 
in the solution phase and the resin phase, m 
and n represent the numbers of an anion X’~ 
binding to one metal ion M“* in these phases, 
and K and G represent the terms containing 
the complex formation constants and the 
activity coefficients in both phases, respectively. 
When the metal is present as M*%* in the 


3) R. A. Robinson and R. H. Stokes, “Electrolyte 


Solutions’, Butterworths Scientific Publications, London 
(1955). 
4) J. Bjerrum, G. Schwarzenbach and L. G. Sillén, 


“Stability Constants, Part Il Inorganic Ligands”, London 


(1958). 


Adsorption of Silver on Anion Exchanger 


1843 
solution, Eq. 1 may be written as follows: 


log D (n * log X*-| 


a 

b 
if a similar assumption is made in a silver- 
nitrate system, the following equation is ob- 
tained. 


log(X°-)+K+G (2) 


log D—log(NO;~) 
(n—1)log([NO;-] +K+G (3) 


Experiment by the Addition of an Indifferent 
Anion.—This experiment was carried out in a way 
similar to that in the mercury-nitrate system. Two 
grams of an anion exchanger Dowex 1-X8 (100~200 
mesh) of nitrate form was mixed with 10 ml. of a 
solution containing 0.3 mmol. of silver nitrate and 
a series of mixtures of sodium nitrate and sodium 
perchlorate of various mixing ratios (total concen- 
tration is 3M). After equilibrium is reached silver 
and nitrate in the resin were determined. Silver 
was analyzed titrimetrically with a potassium thio- 
cyanate and nitrate spectrophotometrically at 300 
my. The amounts of silver and nitrate in the 
solution were estimated by subtraction from their 
total amounts. 

The ion concentrations in the resin phase were 
always represented as millimoles of the ion per 
milliequivalent of the resin. The distribution 
coefficient of silver was calculated as 


mmol. of Ag adsorbed per meq. of the resin 


D 
mmol. of Ag per ml. of the soln. 


After the nitrate concentration in the resin was 
corrected as in the case of mercury-nitrate, log D 
—log(NO;~) was plotted against the logarithm of 
the nitrate ion concentration in the resin. As shown 
in Fig. 3, in the range where nitrate is predominant, 
the gradient of the curve is 0.9, which corresponds 
approximately to n=2. From this result, it may 
be recognized that most of the silver-nitrate complex 
adsorbed from 3M sodium nitrate solution has the 
form of Ag(NOs)> 
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Fig. 3. Distribution coefficient of Ag as a 


function of the nitrate concentration in the 
resin phase. The measurements were carried 
Out at the nitrate-rich range. Total concen- 
tration of the external solution is 3M. 
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TABLE I. EQUILIBRIUM DATA ON THE BATCH EXPERIMENT 


A. 2M Series Resin: 7.14meq., Solution: 8 ml. 
Batch No. 1 2 3 4 5 6 7 
AgNO, given, mmol. 0.100 1.275 1.985 3.97 5.96 7.94 11.91 
NaNO; given, mmol. 16.00 14.72 14.00 12.00 10.00 8.00 4.00 
(Ag) mmol./ml. 0.00813 0.112 0.175 0.361 0.559 0.755 1.175 
[Ag]mmol./meq. 0.00490 0.0536 0.0819 0.152 0.209 0.266 0.352 
D mli./meq. 0.603 0.481 0.468 0.420 0.373 0.352 0.299 
(NO;~)mmol./ml. 1.88 1.83 1.80 1.76 1.73 1.66 a 
[NO;], mmol./meq. 1.15 1.19 1.22 1.27 1.30 1.37 1.45 
log D—log(NO;~ ) —0.494 0.581 —0.585 —0.622 — 0.666 — 0.673 —0.726 
B. 3m Series Resin: 6.45 meq., Solution: 8 ml. 
Batch No. 1 2 3 4 5 6 
AgNO, given, mmol. 0.100 0.985 1.97 3.94 5.91 7.88 
NaNO, given, mmol. 24.07 23.07 22.06 20.06 18.05 16.04 
(Ag)mmol./ml. 0.00805 0.0838 0.171 0.349 0.539 0.733 
[Ag]mmol./meq. 0.00552 0.0488 0.0938 0.178 0.247 0.313 
D mi./meq. 0.686 0.583 0.550 0.551 0.459 0.428 
(NO;~)mmol./ml. 2.83 2.78 2.75 2.70 2.69 2.62 
[NO;]_ mmol./meq. 1.24 1.28 1.30 1.37 1.38 1.46 
log D—log(NO;~ ) —0.256 —0.343 —0.374 —0.428 —0.478 —0.533 
Experiment by the Loading of the Complex.— neglected and n is unknown. Accordingly, in this 


In determining the composition of a metal complex, case log D/(X°~)¢/> is plotted against [MX,@"-®~] 
a method in which the ratio of the adsorbed and the slope of the curve should be compared 
amount of the metal to the exchange capacity of | with that of the standard curves drawn by sub- 
the resin is determined after the resin is saturated  stituting 1,2,3,------ for n in Eq. 5. 
with the metal complex anion, has often been In a system of silver nitrate and sodium nitrate, 
employed». This method is simple and reliable Eq. 5 is written as follows: 
when the complex is stable and strongly adsorbed 
on an anion exchanger. However, it can not be [Ag(NOs) »!~ "J 
used when the complex is unstable and not strongly 
adsorbed. 01 02 03 

In view of this, a new loading method was E 
studied by the present writer, which is based on Haas n=] 
Eq. 2. In the proposed method, instead of the 
addition of the indifferent anion, a greater amount 
of the same metal element is used to keep the 
ionic strength in the solution phase constant. The ~06l 
ligand ion concentration in the resin phase is 
therefore varied by the loading of the metal complex 
instead of an indifferent anion. Assuming that 
MX,,©°"-®> is only one species for the resin phase, 
this concentration is expressed by 


[X°-] =[X],—n[MX,,0"-9-] (4) 


where [X], is the total ligand concentration irre- 
spective of species. From Eq. 2 and Eq. 4 the 
following equation is obtained. 








log D—log(NO3;~ ) 


n=3 


a 


log D {n b 


jlog(LX1,—n[MX,,%"-2-]) 


+ | log(X!-)+K+G (5) 


Fig. 4. Comparison with the standard curves 
in the system where the external initial 
concentration of AgNO;+ NaNO; is 2M. 

The standard curves are drawn in a position 
in which their gradients may compare with 


5) For example, R. A. Horne, R. H. Holm and M. D. that of experimental curve. 
Meyers, J. Phys. Chem., 61, 1955 (1957). -O- Measured —— Standard 


When a considerable amount of the metal is 
adsorbed, for the determination of n, log D/(X°~)¢/5 
can not be plotted against log[X’~], because the 
second term in the right side of Eq. 4 can not be 
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log D—log(NO;~) = (n—1)log({[NOs]t 
—n[Ag(NQOs) .@-)-])+K+G (6) 


The experiment was carried out by equilibrating 
3g. of an anion exchanger Dowex 1-X8 (100~ 
200 mesh) of nitrate form with 10 ml. of a solution 
containing a series of mixtures of silver nitrate 
and sodium nitrate of various mixing ratios (total 
concentration is 2M or 3M), followed by determi- 
nation of silver and nitrate in the solution phase. 
The silver concentration in each phase and the 
distribution coefficient were estimated in the same 
way as before. The nitrate in the solution was 
determined by titrating with a sodium hydroxide 
solution, after it was converted into nitric acid 
through a cation exchange column of hydrogen 
form. The amount of total nitrate in the resin 
was estimated by subtraction. 


[Ag(NOs) ,!~*] 
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Fig. 5. Comparison with the standard curves 
in the system where the external initial 


concentration of AgNO;+ NaNO; is 3M. 
The standard curves are drawn in a position 
in which their gradients may compare with 
that of experimental curve. 
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The equilibrium data are tabulated in Table I 
and the curves for analysis are drawn in Fig. 4 
and Fig. 5. Each slope of the curve is similar to 
that of the standard curve for n=2 in a wide range 
of the silver concentration except at a very low 
concentration. From this fact it may be considered 
that most silver in the resin phase exist as 
Ag(NO;).~ at the external nitrate concentration of 
about 2~3M. This result is in agreement with 
that in the former experiment carried out by the 
addition of an indifferent anion. The high value 
of the gradient at the low concentration of silver 
is presumably due not to the presence of higher 
nitrate complexes, but to the inconstancy of the 
activity coefficient term in this region. 


Summary 


1) It was found that silver was to some 
extent adsorbed on a strong base anion ex- 
change resin from nitrate solutions. Its be- 
havior was significantly different from that of 
alkali metals. 

2) The equations derived in the previous 
paper were applied to a study of silver-nitrate 
complex. Starting from the same equation, 
two methods using either NaNO;+NaClo, 
mixed media or the loading of the complex 
were employed, and the two results were in 
good agreement. 

3) It was presumed that most silver in the 
resin exists as Ag(NO;).~- in neutral nitrate 
media where the external nitrate concentrations 
were about 2~3M, although such anionic 
species may not be considered to exist in an 
ordinary nitrate solution. 
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Separations of Lutidines, Collidines and 2, 3-Cyclopentenopyridines 
from Coal Tar Bases 


By Hajime SUZUMURA 


(Received April 10, 1961) 


In order to examine the tertiary amines in 
coal tar bases, especially in a forerunning of 
quinoline, methods of picrate and urea adduct 
formation, countercurrent extraction and chro- 
matography were applied in order to effect the 
isolation of the bases. Selective separations 
could be carried out easily for some of the 
high boiling bases. From a fraction boiling at 
170°C, 3,5-lutidine (1) was separated rela- 
tively easily as a zinc chloride adduct, and 2, 3- 
disubstituted pyridines such as 2, 3, 6-collidine» 
(I1), 2,3, 4, 6-tetramethylpyridine*® (III), 2, 3- 
cyclopentenopyridine® (IV) and 2, 3-cyclopen- 
teno-6-methylpyridine*~*? (V) were isolated as 


CH; 
CH, 7 cH A_cH, ANH, 
NU CH; N CH; CH; \n7-CHs 
(1) (11) (IIT) 
7 _—— 7 —_ 
AY CHEN AY 
(IV) (V) 


urea adducts from the fractions with cor- 
responding boiling points. Furthermore, using 
a chromatographic column of cupric chloride- 
aluminum oxide which was effective for separa- 
tions of pyridine, picolines and _ lutidines®:” 


CH; 
CH /\ CH, 
! iT] 
N 
(VI) 
TABLE III. 
B. p. ne N 
Cc % 
Isolated 202.5 1.5088 10.35 
Reported» 203.3 1.5087 (10.37)* 
* Caled. 


1) T. Eguchi, This Bulletin, 3, 227 (1928). 

2) P. Arnall, J. Chem. Soc., 1954, 4040. 

3) S. Jifuku, S. Nakayama, H. Suzumura and M. 
Uemura, J. Japan Tar Ind. Association, 10, 126 (1958). 

4) P. Arnall, J. Chem. Soc., 1958, 1202. 

5) S. Tanaka et al., Japan Analyst (Bunseki Kagaku), 6, 
281 (1957). 


2, 3-cyclopenteno-6-methylpyridine and 3,4, 5- 
collidine*:*-' (VI) were separated. The latter 
was isolated for the first time from coal tar 
bases by the author». With the same chro- 
matographic column, 2, 3, 5-collidine’? (VII) 
could also be separated and purified. 


CH,-/7 )-CHs 
\n/-CHs 


(VII) 


The properties and physical constants of the 
bases which were separated are shown in the 
following tables. 


Experimental 


Materials.—The materials used in the present 
investigation were all supplied by Yawata Chemical 
Industry Co.; their properties are shown below. 


TABLE I. 3,5-LUTIDINE 
M. p. of M.,. of 
B. p. d} B(HgCl.)2HCl picrate 
c Cc 7 
Isolated 171~172 0.9390 169~170 244~244.5 
Reported» 171] 0.9385 170 240 


TABLE II. 2,3,6-COLLIDINE 
B. p. M. p. of picrate n3 
ad _ 
Isolated 171~171.5 147.4~148.4 1.5020 
(uncorr.) 
Reported» 172.8 148 


2,3,4,6-TETRAMETHYLPYRIDINE 


Ultraviolet 


.p. of M. p. of , 

picrate. -—pierolonate -—=«sPeetrum in 

. . Amax Emax 
my 

122~122.5 226.4~226.9 266 3294 

122.5~123 pF = ie 266.5 3210 


6) R. Vignes et al., Compt. rend., 232, 1419 (1951. 

7) E. Funakubo, J. Chem. Soc. Japan, Ind. Chem. Sec. 
(Kogyo Kagaku Zasshi), 59, 220 (1956). 

8) Annual Meeting of Japan Tar Industry Association, 
October, 1956. 

9) A. S. Bailey et al., J. Chem. Soc., 1959, 2554. 

10) K. Tsuda et al., Pharm. Bull., 1, 283 (1953). 
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TABLE IV. 2,3-CYCLOPENTENOPYRIDINE 
B nes M. p. of M. p. of Ultraviolet spectrum 
si » picrate picrolonate Amax Emax 
‘ . i my 
Isolated 199.5 1.538 183.5~184 238.8 272 4090 
Reported» 199.3~199.4 1.541 182~183 239 
TABLE V. 2,3-CYCLOPENTENO-6-METHYLPYRIDINE 
B. p. F. p. Np M.p. of picrate M.p. of picrolonate 
_ fe c is 
Isolated 210.5~211 35.0~35.7 1.527 (40°C) 152.1~152.6 205 .5~206.5 
Reported® 211.9(761mmHg) 31.8 1.5297(32.5°C) 155 170 
Reported» 35°0 152.8~153.1 
TABLE VI. 3,4,5-COLLIDINE 
t M. p. of M. p. of 
B. p. M. p. dy =~ picrate picrolonate N 
ts . & % 
Isolated 210.3~210.8 32.6~35.6 0.955 1.5115 173.6~174.3 224 11.25 
(35°C) (35°C) 
Reported  211.4~211.5 36.8 0.947 1.5132 178 232 
(759 mmHg) (40°/20°C) (37°C) 
Reported® — -- -- — 174~175 228 
Reported! 205~207 10~13 0.9616 1.5103 174 188 Caled. 
(15°C) GS°C) 11.52 
TABLE VII. 2,3,5-COLLIDINE 
B. p. n3 M. p. of chloroplatinate M. p. of picrate 
i i _ 
Isolated 185~185.8 1.5045 211 184.5~185.2 
Reported! 186.8 1.5057 212° 184 
TABLE VIII 


Forerunning of quinoline (S;) 


Toluidine fraction 
b. p. 199.8~202.2°C (28%) 


Tertiary amines (21%) (Ts) 


Xylidine fraction 
b. p. 210.5~225°C (12%) 


Tertiary amines (50%) (X3) 


| distilled distilled (30 mmHg) 
b. p. 183~189°C 32% No. of Temp. of Yield* 
b. p. 200~201°C 17% fraction distillation Yo 
: 
2 95~ 96 8.8 
3 96~100.5 .2 
4 ~102 11.0 
5 ~104 8.0 
6 ~105 14.6 
sj ~108 ‘7.2 
8 108 13.0 
* The yield in each step is based on an immediately preceding material. 
TABLE IX. 2,3-CYCLOPENTENO-6-METHYLPYRIDINE 
Urea adduct Base recovered Picrate 
No. of fraction Amount M. p. from urea adduct Amount M. p. 
g. c g. g. 
7 _- 86~129 1.4 0.3 149~150.5 
8 2.4 88~129 3 0.80 150~150.5 
9 2.6 88~129 1.3 0.90 150~150.5 
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TABLE X. 3,4,5-COLLIDINE AND 2,3-CYCLOPENTENO-6-METHYLPYRIDINE 


No. of band 1 2 3 4 5 6 7 

Base recovered 

from each band, g. 0.25 0.25 0.39 2.6 2.4 1.9 0.8 
—_—— —o— 

M. p. of picrate, °C 170.5~172.5 171~172 150~151 150~151 192~195 

Amount of picrate, g. 0.7375 0.6425 3.0 1.4 0.4 

Compound 3,4, 5-Collidine 2,3-Cyclopenteno- Unidentified 


6-methylpyridine 


TABLE XI. 
No. of fraction 1 2 3 4 
Amount, g. 8.4 5.0 3.4 5.4 
ne 1.5093 1.5094 LHS 1.5201 
M. p.* of picrate, °C 124~138 113~125 124~150 178~179 


* After recrystallized twice from ethanol. 
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Fig. 2. 2,3,4,6-Tetramethylpyridine. Fig. 4. 2,3-Cyclopenteno-6-methylpyridine. 
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Fig. 5. 2,3-Cyclopenteno-6-methylpyridine. 
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Fig. 7. 3,4,5-Collidine. 


(1) Industrial grade collidine grade 1 


Sample First drop 10% 50% 90% Dry point 
A 165.7 171.7 173 178 180 
B 161.0 166.0 172 181 185 


(2) Tertiary amines boiling at 200 and 210°C. 
A forerunning of quinoline (Fig. 8) was obtained 
when the crude quinoline was first extracted with 
sulfuric acid from the middle oil of coal tars and 
then fractionally distilled. Fractionating through 
a packed column 3m. in height, this forerunning 
was separated into toluidine and xylidine fractions 
Primary amines in these fractions were removed 
by acetylation, and the mixture cf tertiary amines 
thus obtained was fractionally distilled as shown 
in Table VIII. 

Separation of 3,5-Lutidine by Zinc Chloride. 
Industrial grade collidine grade 1 (Sample A) (1250 
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Base 25¢ 
Benzene 91.5cc. 
HC! 91.5cc 
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cc.) was fractionated through a column 2m. in 
height and packed with single turn helices, and a 
fraction boiling at 168~171°C (534cc.) was obtained. 
When a 50% aqueous solution of zinc chloride was 
stirred into this fraction, a white adduct was pre- 
cipitated which was washed with benzene to remove 
free bases and then steam-distilled. The distillate, 
on treatment with an aqueous solution of picric 
acid, gave crude picrates, m.p. 240°C, in about a 
4% yield based on the fraction. The crude picrate 
(49 g.) was refluxed with 700 cc. of ethanol, yielding 
42g. of pure picrate, which was decomposed to 
give pure 3,5-lutidine. 

Separation by Urea-adduct.—Separation of 2,3, 
6-Collidine.—One kilogram of Industrial grade col- 


lidine grade 1 (Sample B) was distilled into the 
following fractions : 

Fraction up to 165°C 165~167°C = 170~175°C 
Amount, g. 515 107 326 


To the fraction boiling at 170~175°C (80g.), a 
50% aqueous solution of urea was added, and the 
resulting white adduct of m.p. 128~132°C was 
decomposed by steam distillation. A picrate (12 g.) 
melting at 147.4~148.4°C was obtained from the 
distillate. After being recrystallized once from 
ethanol, the picrate was decomposed, yielding 3.1 
g. of pure 2,3,6-collidine. 

2, 3,4, 6-Tetramethylpyridine.—To 16g. of the 
fraction (T,;) boiling at 200~201°C, 43g. of a 50% 
aqueous solution of urea was added, and the re- 
sulting adduct was washed with ether and decom- 
posed by steam distillation to give a base (4.5 g.) 
boiling at 198°C. The picrate of this base, after 
three recrystallizations from ethanol, melted at 
122~122.5°C. The base was also confirmed by 
picrolonate and ultraviolet absorption spectrum. 

2,3-Cyclopentenopyridine.—To 36g. of No. 3 
fraction of X;, a solution of urea (112 g.) in 50cc. 
of water was added to form urea adduct, m. p. 
124~132 C, which was decomposed, yielding 18g. 
of basic material showing nj) 1.5200. This was 
next purified as picrate, and after a recrystallization 
from ethanol picrate of 2,3-cyclopentenopyridine 
(21 g.) which melted at 178~179-C (uncorr.) was 
obtained. From the filtrate of urea adduct, 10g. 
of the picrate of the base was recovered. 

2, 3-Cyclopenteno-6-methylpyridine.—To 5g. of Nos. 
8 and 9 fractions of Sy, Ig. of a 60% aqueous 
solution of urea was added to yield an adduct from 
which 2,3-cyclopenteno-6-methylpyridine was re- 
covered as picrate. The purified picrate did not 
show a melting point depression when admixed 
with an authentic sample. The results are shown 
in Table IX. 

Similarly, from 50g. of No. 9 fraction of Sy, 
19.8g. of picrate was obtained. The combined 
picrates were decomposed, yielding 7.45g. of the 
free base with nj} 1.5280. Bases which were re- 
covered from the filtrate of the adduct boiled at 
214°C and had ni! 1.5270, and N content 10.31%. 

Chromatographic Separation.—Separation of 3,4, 
5-Collidine and 2,3-Cyclopenteno-6-methylpyridine. 
As Vignes used for the separation of pyridine, 
picolines and 2,6-lutidine®, a mixture of cupric 
chloride (2 parts), aluminum chloride (25 parts), 
glycerol (6 parts) and distilled water ‘2 parts) was 
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ground, dried at 50°C, and then used as an 
adsorbent in a chromatographic column. The 
adsorbent (190g.) was packed in a column as 
shown in Fig. 9. No. 7 fraction (10.02 g.) from Xs, 
in Table VIII, was placed on a column and developed 
with 280cc. of ether. After 5 hr., development was 
complete, giving various zones as shown in Fig. 9. 
From each zone, bases were recovered by the addi- 
tion of an alkali, followed by steam distillation. 
While examining these bases as picrates, the author 
found that the bases of Nos. 4 and 5 mainly con- 
sisted of 2,3-cyclopenteno-6-methylpyridine, and a 
base of Nos. 1 and 2 whose picrate melted at 171~ 
172°C (uncorr.) was identified as 3,4,5-collidine 
(Table X). A comparison of the properties of the 
base with those of the synthetic sample used in the 
identification of coal tar bases! is as follows: b.p. 
210.3~210.8°C (reported 205~207°C), melting point 
of the picrate 173.6~174.3°C (reported 174°C), N 
content found 11.25% (Caled. for CsHi:N, 11.52%), 
molecular weight found 118 (Calcd. 121), and molar 
refractivity calculated from d}° 0.9552 and nj} 1.5115 
38.1 (which is very close to the calculated values 
for collidines 38.6~38.8). The infrared spectrum 
in carbon disulfide and the ultraviolet spectrum in 
cyclohexane agreed with those of the literature 
cited. The base (0.4954g.) was oxidized with 3.91 
g. of potassium permanganate (used as a 2% aqueous 
solution) at 90°C over a period of 32hr. Pyridine 
carboxylic acid was recovered as its copper salt; 
this was then decomposed by hydrogen sulfide to 
give the crude acid (0.0874g.). After a recrystal- 
lization from water, pyridine carboxylic acid was 


obtained which melted with decomposition at 
202.S5°C. (corr.). 

Found: N, 5.8. Calcd. for CsH;OgsN-3H20O: N, 
5.3%. 


Separation of 2,3,5-Collidine.—Separation of this 
base by picrate formation was reported in the 
literature, but the procedure of recrystallization 
was time-consuming. By using the chromatographic 
column described above, 2,3,5-collidine was sepa- 
rated easily. Bases of the fraction boiling at 183~ 
190°C which remained in the solution after the 
solid urea adduct was femoved were placed on the 
column and developed. A green zone was obtained, 
and from this zone was recovered a base whose 
picrate melted at 184~185°C and proved to be 
2,3,5-collidine by the mixed melting point. Colors 
developed by other bases in this procedure are as 
follows: 3,5-lutidine (blue), 2,4, 5-collidine (violet), 
2,3,6-collidine (blue) and 2,3-cyclopentenopyridine 
(blue). 

Separation of 2,3-Cyclopentenopyridine by 
Countercurrent Extraction.—2, 3-Cyclopentenopyri- 
dine which was separated as urea adduct could also 
be separated by countercurrent extraction. The 
scheme of extraction, shown in Fig. 10, was similar 
to that described in the literature! using benzene 
and hydrochloric acid. 

Jsing No. 2 fraction of S; as a feed, 2,3-cyclo- 
pentenopyridine was found to be concentrated in a 
fraction which was only with great difficulty soluble 
in the acid phase. The extraction was conducted 





11) S. Tanaka et al., Japan Analyst (Bunseki Kagaku), 5, 
455, 513 (1956). 
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as shown in Fig. 10; bases were distributed between 
benzene and hydrochloric acid by shaking for 5 min. 
in a separatory funnel. The upper benzene layer 
U; was separated, hydrochloric acid (1N) was 
added, and the extraction was repeated, forming 
upper U: and lower layer U,;’. To Li, which was 
the lower layer of U;, benzene and 1N sodium 
hydroxide were added, and extraction was con- 
ducted to give L,;’ and Le. L;’ and U;' were com- 
bined and distributed between themselves. The 
extraction was continued until the 4 fractions shown 
in Fig. 10 were obtained. The amount, the refrac- 
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tive index and the melting point of the picrate of 
the base recovered from each fraction are shown 
in Table XI. 

The basicity of the base was expected to decrease 
gradually from No. 1 to No. 4. From fraction 
No. 4 the picrate of 2,3-cyclopentenopyridine (4.5 
g.) was separated and identified by mixed melting 
point with an authentic sample. 
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A report on the infrared absorption spectra 
of ordinary and deuterated 1, 3, 5-trichloro- 
benzene has been previously presented by the 
author”, but the Raman spectra of these sub- 
stances have not yet been studie in detail. 
In this paper the Raman spectra of these sub- 
stances are reported on, and the assignment of 
the observed Raman lines is presented, includ- 
ing that of the overtones and combinations. 

As the molecule of 1,3, 5-trichlorobenzene 
has a high symmetry, ten pairs of degenerate 
vibrations are contained in its thirty normal 
vibrations, and twenty fundamental frequencies 
are expected to be observed in the molecular 
spectra of this substance. Of these twenty 
frequencies, fourteen are active to the Raman 
effect. 

Hitherto the assignments of the normal vib- 
rations of the various aromatic derivatives have 
been made by collecting a large number of data 
for many similarly substituted benzenes and 
by comparing and systematizing these data. 
In the present report, instead of referring to 
the data of other substances, the assignment is 
determined by taking the spectra of both ordi- 
nary and deuterated substances, by applying 
the product rule, and by referring to the results 
of qualitative measurements of the depolari- 
zation ratios. 


Experimental 


Commercial 1,3,5-trichlorobenzene was recrystal- 
lized from ethanol solution three times, and was 
then further purified by sublimation. Deuterated 
material was prepared by stirring the ordinary 


1) S. Saéki, This Bulletin, 33, 1024 (1960 
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1,3,5-trichlorobenzene with deuterated sulfuric acid 
for eight hours at 105°C. The reaction mixture was 
poured on ice and recrystallized from ethanol. The 
progress of substitution was checked by the infrared 
absorption spectrum after each substitution reaction, 
and the reaction was repeated until the strongest 
absorption band of C,;HDe2Cl,; could hardly be re- 
cognized. It was found that the absorption bands 
of CsH;Cl,; almost completely disappeared after the 
first reaction, and that three repetitions of the reac- 
tion were sufficient to complete the substitution 
reaction*. 

The instrument used for the measurements was a 
Cary model 81 Raman spectrophotometer. The 
source was a mercury arc lamp of Toronto type; 
the dispersion of the grating was 4A/mm. at 5000A 
wavelength. 

Raman spectra were taken of the solution in 
carbon tetrachloride (1g. solute dissolved in 5 ml. 
solvent) and in methanol (0.5g. solute dissolved 
in 5ml. solvent) for both ordinary and deuterated 
substances. As the solubilities of the substances in 
methanol are not sufficiently large, it was impossible 
to make the concentration of both solutions equal. 

The depolarization ratio was measured by sur- 
rounding the Raman tube by polaroid cylinders 
and by polarizing the exciting light in directions 
parallel and perpendicular to the axis of the Raman 
tube. 


Results 


The observed Raman spectra are shown in 
Figs. 1—4. In the spectrum of the methanol 
solution of ordinary trichlorobenzene, as the 
base line rose gradually with increasing fre- 
quency, it was necessary to reset the zero 


The substance in which a given band originated 
was easily known by following the intensity changes of 


that band with the repetition of the substitution reactions. 
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suppression of the amplifier at 1800cm~'. by the polarized lights in both directions 
Although the cause of the shift of the base (cross and parallel). The scale of the intensity 
line was not found, this gave rise to no ob- _ is simply the height of a Raman line measured 
stacle for the measurement of the frequencies on the chart. The notation “masked” in the 
of Raman lines. In the figures, the peaks tables means that the line was not observed 
pointed out by the small arrows are due to the in that solution, being masked by a strong 
solvents or the source lamp (D line, 2602 cm~'). Raman line of the solvent, while it was ob- 

The frequencies and intensities of the ob- served in the other solution. The notation 
served lines are listed in TablesI and II. The “unobserved” means that the sine was not 
intensities are shown for the spectra excited observed in that solution, while it was observed 


TABLE I. RAMAN SPECTRUM OF 1,3,5-TRICHLOROBENZENE 


Methanol soln. Carbon tetrachloride soln. 

Dp intensity Fy intensity Depolarization 
cm"! cm”! ratio 
Cross Parallel Cross Parallel 

188 - 17 Masked 
209 - 7 Masked 
373 26 9 374 42 14 p. 
425 5 5 Unobserved 
Unobserved 526 1 ] 
994 57 20 994 99 35 p. 
Masked 1060 6 2 p 
1147 26 12 1146 38 15 p. 
Masked 1536 10 3 
1565 12 15 1565 21 24 dep. 
Unobserved 2150 1 — 
Unobserved 2211 3 0 
Unobserved 2263 3 1 
3076 17 15 3081 33 24 dep. 
3130 3 0 3132 7 2 p 
TABLE IJ. RAMAN SPECTRUM OF 1,3,5-TRICHLOROBENZENE-d; 
Methanol soln. Carbon tetrachloride soln. 

D intensity p intensity Depolarization 
cm! cm7! ratio 
Cross Parallel Cross Parallel 
188 70 70 Masked dep. 
374 38 14 373 63 21 p. 
418 10 10 417 -- , 13 dep. 

495 5 5 492 -— sh. 
Unobserved 711 sh. sh. 
950 86 31 952 100 54 p. 
Masked 993 21 6 p. 
Masked 1058 4 1 
1144 18 8 1142 45 16 p 
Masked 1337 2 2 
Masked 1418 4 1 
Masked 1528 _ _ 
1550 25 25 1548 47 43 dep. 
1767 3 2 Unobserved 
1883 4 3 Unobserved 
2027 3 3 Unobserved 
2283 ~- 2 sh. 2282 sh. 5 
2303 17 10 2303 41 25 
Unobserved 2389 2 2 
Unobserved 2537 6 3 p. 
Unobserved 3079 - 2 
Unobserved 3094 3 2 
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Fig. 1. Raman spectra of 1,3, 5-trichlorobenzene 
(0.5g. in 5ml. methanol). 


| . | | 


| HH | 
ve \_cross__/\ LU 
| ere ded Lead —_ 


1900 








Fig. 2. Raman spectra of 1,3,5-trichlorobenzene 


(1g. in Sml. carbon tetrachloride) ‘ 
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Fig. 3. Raman spectra of 1,3,5-trichlorobenzene- 
d; (0.5 g. in 5ml. methanol). 
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Fig. 4. Raman spectra of 1,3, 5-trichlorobenzene- 
d; (1g. in Sml. carbon tetrachloride). 


in the other solution. This inconstancy of 
observation might be due to the unequal c n- 
centrations or to different solvent effects in both 
solutions. In any case, it should be remem- 
bered that there might be a little ambiguity 
in such lines. 


Assignment 


1, 3, 5-Trichlorobenzene.— Species A,'. —It is 
universally known that the vibrations belong- 
ing to totally symmetric species give the 
most intense Raman lines. In the case of 
1, 3, 5-trichlorobenzene, four normal vibrations 
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TABLE III. THE NORMAL MODES OF 
1,3, 5-TRICHLOROBENZENE 
Species Mode 
C-H or C-D stretching 
Ai’ Ring breathing 


C-Cl stretching 
Ring deformation 


C-H or CD stretching 

Ring stretching 

Ring stretching 

oy C-H or C-D in-plane bending 
C-Cl stretching 

Ring in-plane deformation 
C-Cl in-plane bending 


C-H or C-D out-of-plane bending 
= Ring out-of-plane deformation 
C-Cl out-of-plane bending 


belong to species Ai’, as is shown in Table III. 
The C-H stretching vibration is expected to 
appear about 3000cm~—', the breathing of the 
benzene ring is expected to appear about 1100 
cm! judging from the case of p-dichloro- 
benzene (which was reported on in our previ- 
ous paper»), the C-—Cl stretching vibration is 
expected to be observed in the region 700~800 
cm~', and the deformation of the ring is ex- 
pected to be observed at 300~400cm~-'. From 
these estimations of the frequencies, four 
lines with remarkable intensities were selected 
from the observed Raman lines, that is, the 
lines at 3079, 1147, 994 and 374cm~-'. How- 
ever, as is seen in Table I, the line at 3079 
cm~! was not very definitely polarized. In the 
vicinity of this line, another line was observed 
at 3130cm~! which was apparently polarized. 
Therefore, it might be considered that this 
line corresponded to the C-H symmetric stretch- 
ing vibration of the species A,’ and that the 
above-mentioned line at 3079 cm~' corresponded 
to the C-H degenerate stretching vibration of 
the species E’. But this assignment conflicts 
with the empirical knowledge that a line 
belonging to a totally symmetric species is 
generally more intense than a line belonging 
to other species, and that the frequency of a 
degenerate stretching vibration of the C-H 
bonds is higher than that of a symmetric one 
as a general rule. Therefore, it seems to be 
more plausible to assign the line at 3079cm~—! 
to both degenerate and symmetric stretching 
vibrations of C-H bonds. Then the line at 
3130cm~-! might well be explained as an over- 
tone of the line at 1563cm~' (e’), which will 
be discussed later. 

The other three polarized lines were easily 
assignee to the other three normal vibrations 


2) S. Saéki, ibid., 34, 1658 (1961). 
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TABLE IV. 
Species No. 

C.eH;Cl, CeD;Cl; 

v1 3079 2303 

Ai’ v2 1147 1143 

v3 994 951 

ms 374 374 

Vil 3079 2303 

viz 1565 1548 

v13 (1412) 1337 

E' vi4 (1103) (843) 
Vis (814) (795) 

Yi6 425 418 

vi7 209 or 188? 188? 

Vis — 711 

i vig 526 494 
20 188 ? 188 ? 
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THE ASSIGNMENTS OF RAMAN LINES OF 1,3,5-TRICHLOROBENZENE 


Mode 


C-H or C-D stretching 
Ring breathing 
C-Cl stretching 
Ring deformation 





C-H or C-D stretching 
Ring stretching 

Ring stretching 

C-H or C-D in-plane bending 
C-Cl stretching 

Ring in-plane deformation 
C-Cl in-plane bending 


C-H or C-D out-of-plane bending 
Ring out-of-plane deformation 
C-Cl out-of-plane bending 


N.B. The values in parentheses are the wave number which were observed in the infrared 


spectra. 


of species A,’, as is shown in Table IV. Since 
these lines had remarkable intensities, and no 
alternate lines were observed in their vicinities, 
the assignment was quite unambiguous. 
Although the frequency of the v3, the C-Cl 
stretching vibration, to which the line at 994 
cm~' was assigned, was a little higher than 
the expected value, it is nevertheless a quite 
probable value for such a vibration, considering 
the fact pointed out in our previous paper”? 
that the strong coupling between the normal 
vibrations of such frequencies may often cause 
a large frequency shift from the empirically 
expected one. Consequently, this molecule 
might not have a normal vibration which could 
be called a C-Cl stretching vibration in its 
proper sense. However, at present such a 
vibration will be called a C-Cl stretching vi- 
bration for convenience. 

Species E'.— Contrary to the easy assign- 
ment of the normal vibrations belonging to 
species A,’, the assignment of the observed 
lines to the seven normal vibrations of this 
species was very difficult. Since the normal 
vibrations belonging to species E’ are active in 
both the Raman and infrared spectra, the as- 
signments would appear to be easily achieved 
by looking for the frequencies which were 
commonly observed in the Raman and infrared 
spectra. However, this could not be done so 
easily in practice. Actually only four frequen- 
cies were commonly observed in Raman 
and infrared spectra, that is, 3079 (3098), 1565 
(1565), 1060 (1100 or 1055) and 425 (430). 
(in cm~'. The frequencies put between 


3) S. Saéki, ibid., 33, 1021 (1960). 


parentheses are those observed in the infrared 
absorption spectrum in a gaseous state.) The 
fact that only four vibrations appeared com- 
monly in both spectra, while seven were ex- 
pected, suggested that the intensities of the 
Raman lines or the infrared absorption bands of 
the other three vibrations were to weak to be 
observed. But, on the other hand, the above- 
mentioned four lines could definitely be assigned 
to species E’. However, the line at 1060cm~! 
was somewhat questionable. Since the in- 
frared absorption spectrum of the substance 
was measured in the gaseous state, the frequen- 
cy of an observed band must be a little higher 
than that of the corresponding line observed 
in the Raman spectrum. From this considera- 


tion, it was not reasonable to consider the 
infrared absorption band at 1055 cm to cor- 
respond to the Raman line at 1060cm~'. And 


the other infrared band observed at 1103 cm7! 
seemed too high to be regarded as the corre- 
sponding band of this Raman line. Moreover, 
its depolarization ratio shown in Table I sug- 
gested that it belongs to species A;’. These 
facts might rule out the assignment of the 
line at 1060cm~' to the normal vibration of 
species E’. 

As for the other three commonly observed 
frequencies, the line at 3079cm~! was assigned 
to the degenerate stretching vibration of C-H 
bonds (1;;), as was mentioned above, and the 
line at 1565cm~! was assigned to the stretching 
vibration of the benzene ring (1:2), and the 
line at 425cm~'! to the deformation vibration 
of the benzene ring (1:¢), all with sufficient 
certainty. 

As for the remaining four normal vibrations 


w 
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of this species (113, vis, vis and viz), the as- 
signment of the lines was very difficult. 
The stretching vibration of the benzene ring, 
vi3, is empirically expected to appear in the 
frequency region 1400~1600cm~-'. But, as is 
seen in Fig. 1 and in Table I, no Raman line 
was clearly observed in this region except for 
the line at 1565cm~'. A weak line observed 
only with difficulty at 1536cm~'! for the solu- 
tion in carbon tetrachloride was _ polarized 
and had to be considered as an overtone or a 
combination belonging to species A,’ (for 
example 1147 (a:’)+374(a,')). As was already 
reported in our previous paper», the infrared 
absorption spectrum of this substance showed 
many intense absorption bands in this region 
of the spectrum (1412 (s), 1398 (m), 1384 (m) 
and 1341 (s)). The band at 1412cm~' was 
especially clearly assigned to a fundamental 
because of its outstanding intensity. Con- 
sequently, although the Raman line was not 
observed, it appears to be plausible to assign 
this band to 143. 

The C-H in-plane bending vibration was 
expected to appear in the vicinity of 1000cm~’, 
where only the above-mentioned polarized line 
at 1060cm~-! was observed. In the infrared 
absorption spectrum», a remarkable band was 
observed at 1103cm~-! which showed a large 
frequency shift on the substitution for hydro- 
gen atoms by deuteriu:n atoms. Accordingly, 
we assigned this band to the C-H in-plane 
bending vibration (»1,;). 

As for the C-Cl stretching vibration 15, 
since the coupling with other vibrational modes 
might shift its frequency from its usual value, 
as in the case of v3, it would be necessary to 
examine it over a relatively wide region of 
frequency, such as 600~1000cm~'. However, 


no Raman line was found in spite of taking 
such an extremely wide region. In_ the 
infrared absorption spectrum, two_ intense 


bands were observed, that is, bands at 855 and 
814cm~-'. The former was clearly identified 
from the shape of its envelope* to be a band 
which did not belong to species E’. Conse- 
quently, the band at 814cm was assigned 


to the C-Cl stretching vibration of species 
E’ (115). 

The C-Cl in-plane bending vibration »,; was 
expected to be found about 200cm~'. In the 


neighborhood of 200cm~! a remarkable line 
was observed at 188cm~', and a less intense 
line was observed at 209cm~'. Since there 
exists another Raman active bending vibration 
of C-Cl bonds which belongs to species E’’ 
(out-of-plane), the above-mentioned two ob- 
served Raman lines apparently originate in 


* Concerning the envelopes of the infrared absorption 
bands of these substances, a report will be presented soon. 
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these two C-Cl bending vibrations. However, 
it was difficult to find the correspondence be- 
tween these lines and these normal vibrations. 
It was imagined, by analogy to C-H vibrations, 
that the line of the higher frequency (209 cm~') 
might probably correspond to the in-plane 
bending vibration, and the lower one to the 
out-of-plane vibration. Of course, however, 
this was not certain. 

Species E''.—Three out-of-plane normal vi- 
brations belong to this species, as listed in 
Table III. To the C-Cl out-of-plane bending 
vibration v2, as was mentioned above, either 
the line at 209cm~-! or the line at 188cm7! 
—probably the latter—was to be assigned. The 
out-of-plane deformation vibration of the ben- 
zene ring »;> was expected to be observed from 
400 to 500cm~', where a very weak and de- 
polarized line was found at 526cm~'. Dis- 
regarding its low intensity, we assigned this 
line to vi9 for the following reasons: 1. An 
overtone or combination belonging to a species 
other than A,’ might not appear in the spect- 
rum with an observable intensity. 2. The 
frequency of this line (526cm~') could not be 
derived by combining or multiplying the fre- 
quencies of other fundamentals. 3. The line 
at 1060cm~' which was mentioned in previous 
paragraphs was well explained as the overtone 
of this line. 

The C-H out-of-plane vibration vs was ex- 
pected to appear in the vicinity of 800cm~-', 
but no corresponding Raman line was observed 
in this frequency region. This might be be- 
cause the intensity of the line was probably 
too low to be observed.: 


Overtones and Combinations.—The overtones 


and combinations which have already been 
explained are as follows: 
3132cm-! (A,'): 1565cm~! (e’) x2 
1536cm~-' (A,'): 1147cm7! (a,') 
+374 cm! (a:’) three weak lines 
1060cm-! (A;'): 526cm~! (e'’) x2 


In addition to these lines three weak lines were 
observed between 2100 and 2300cm~', as is 
shown in Table I. Though two of these lines 
were easily explained as 


2263 cm~-! (A;'): 1147cm-! (a,') x2 
2211 cm-! (A;’): 1103cm~-! (e’) x2 
the third line observed at 2150cm~' was dif- 


ficult to explain. It might probably originate. 
in a slight amount of impurity. 

The assingment determined above is shown 
in Table IV. 

1. 3, 5-Trichlorobenzene-d;.— Species A,'.—The 
strong and polarized Raman line at 2303 cm7! 








1856 Shinnosuke SAEkI 


was easily and definitely assigned to the sym- 
metric stretching vibration of C-D bonds. 
The remaining three vibrations are the breath- 
ing and the deformation of the benzene ring, 
and the symmetric stretching of the C-Cl bonds, 
all of which are not much influenced by the 
substitution for hydrogen atoms by deuterium 
atoms. Therefore, these vibrations of deute- 
rated 1, 3, 5-trichlorobenzene were expected to 
be observed at frequencies only a little lower 
than those of the corresponding lines of 1, 3, 5- 
trichlorobenzene, that is, at 1147, 994 and 374 
cm~! respectively. In fact, as is shown in 
Table II, three strong and polarized lines were 
found at 1143, 951 and 374cm~! in the Raman 
spectra of deuterated ‘trichlorobenzene. So, 
the lines at 1143, 951 and 374cm™~! were un- 
ambiguously assigned to the ring breathing 
(v2), C-Cl stretching (v;) and ring deformation 
vibration (14) respectively. In the Raman 
spectrum of deuterated substance, a line was 
observed at 993cm~-! which appeared to cor- 
respond to tlie line at 994cm~! of ordinary 
substance betier than the line at 951 cm~! did. 
However, the requirement of fulfilling the prod- 
uct rule and the definite inferiority in the 
intensity of the line at 993cm~' to the line 
at 951cm~' ruled out the assignment of the 
former line to v3. It seemed that this line 
should be explained as the overtone of the 
line at 492cm~-! (e’’), which will be discussed 
later, just as the line at 1060cm~'! was the 
overtone of the line at 526cm~7! in the case 
of ordinary substance. Its unusually strong 
intensity might well be explained by the Fermi 
resonance with the line at 951 cm7?. 

Species E'.— As was done in the case of 
ordinary substance, four frequencies which 
were observed commonly in the Raman and 
infrared absorption spectra were picked up. 
These were 2303 (2310), 1548 (1560), 1337 (1342) 
and 418 (420)cm~'. The line at 2303 cm~-' was 
a polarized line and was already assigned to 
the C-D symmetric stretching vibration of 
species A;’. In the neighborhood of this line 
was observed another weak depolarized line 
at 2282cm~'. It was difficult to determine 
which of these two lines was to be assigned 
to the C-D degenerate stretching vibration. 
However, since the line at 2282 cm~! might be 
explained as a combination, 952 (a;') +1342 
(e’, gaseous infrared band), the line at 2303 
cm~! was assigned to the C-D degenerate 
stretching vibration, assuming that its frequency 
was equal to that of the symmetric vibration 
as in the case of trichlorobenzene. 

The lines at 1548 and at 418cm~-! were as- 
signed to the stretching and deformation vi- 
brations of the benzene ring respectively. As 
these line definitely corresponded to the lines 
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at 1565 and 425cm~! of ordinary substance, 
there is no point of discussion in the assign- 
ment. 

The line at 1337 cm~', though weak in Raman 
spectra, corresponded to the intense band at 
1342 cm~! in the infrared absorption spectrum, 
and it was plausibly assigned to the stretching 
vioration of the ring, 13, by taking account of 
its frequency and depolarization ratio. Other 
veak lines observed in its vicinity, that is, 
lines at 1528, 1455 and 1418cm~', could not be 
assigned to »;3; from a consideration of their 
depolarization ratios and of correspondencies 
with the infrared absorption bands. 

The remaining three vibrations are the in- 
plane bending vibration of C-D bonds, the 
stretching vibration and the in-plane bending 
vibration of C-Cl bonds. As the first two vibra- 
tions were not observed in the Raman spectra, 
probably because of their weak intensities, as 
in the case of trichlorobenzene, the frequencies 
of observed in the infrared spectrum had to be 
adopted. To the in-plane bending vibration of 
C-D bonds was assigned the absorption band at 
843 cm~' observed in the infrared spectrum, for 
the corresponding band of the ordinary sub- 
stance was observed at 1103cm~'. The absorp- 
tion band at 799cm~! was assigned to the C-Cl 
stretching vibration, because the band at 814 
cm~' was assigned to the corresponding vi- 
bration of ordinary substance. 

The in-plane bending vibration of C-Cl 
bonds was expected to be observed near 200 
cm~', and only a remarkable line at 188cm7! 
was observed in this region for deuterated 
substance. From both the intensity and the 
depolarization ratio, this line was considered to 
correspond to the line at 188cm~' of ordinary 
substance, but it was not known at this point 
whether this line was to be assigned to the 
in-plane or to the out-of-plane vibration of C-Cl 
bonds. Concerning this alternate assignment, 
some discussion will be given later. 

Species E''.— The frequency of the out-of- 
plane bending vibration of C-D bonds is esti- 
mated to be lower than 800cm~’, and a diffuse 
line was observed at 711 cm~! as a shoulder of a 
strong Raman line of the solvent in the spec- 
trum of carbon tetrachloride solution of deute- 
rated substance. This line seemed to be recogniz- 
able also in the methanol solution, but due 
to its low intensity it could not be clearly 
distinguished from the noise. However, a 
polarized line which seemed to correspond to 
the first harmonic of this vibration was observed 
at 1418cm~'. Since this line could not be ex- 
plained as an overtone or as a combination 
of other vibrations, the line at 711 cm~' could 
be considered as a normal vibration. 

It was apparent from the frequency and 
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the depolarization ratio that the line at 494 cm~' 
corresponds to the line at 526cm~?! of ordinary 
substance. Accordingly the line at 494cm7? 
was assigned to the out-of-plane bending 
vibration of the benzene ring of deuterated 


substance. 

As for the “ylane vibration of C-—Cl 
bonds, the | Scm7+ might be assigned 
to it. Howe as mentioned above, it 
is difficult to determine whether this line is 


to be assigned to the in-plane or out-of-plane 
vibration of C-Cl bonds. 

The above assignment is shown in Table IV. 

Overtones and Combinations.— More overtones 
and combinations were observed in the spectra 
of deuterated substance than in that of ordinary 
substance. As was stated above, the line at 
993 cm~' was explained as 495 (e’’) x2, the line 
at 2282cm~-! as 952 (a;') +1337 (e’), and the 
line at 1418 cm~! as 711 (e’’) X2. For the other 
observed Raman lines, the following explana- 
tions were possible: 


1058: 535 (a2'') x2 
Mao: 7 
1528: 1337 (e’, from the infrared spectrum) 


a 


+188 (e’ or e’’) 


1767: 1337 (e') +418 (e’) 

1883: 1143 (a,’) +767 (e’) or 1337 (e’) 
+535 (a2!') 

2029: 1550 (e’) +841 (e’, from the infrared 
spectrum) 

2537: 950 (a:') +1550 (e’) 

3079, 3094: 1549 (e’) x2, 2303 (a;’ and e’) 
+801 (a2’’) 

Though the line observed at 1455cm7! 


could not be well explained, the existence of 
such a line is quite natural, since the molecule 
has three normal vibrations belonging to 
species A,’ which are active to neither the 
Raman nor the infrared spectrum. Some of 
the above-mentioned explanations of overtones 
and combinations were not consistent with the 
observed qualitative depolarization ratios* But 
this inconsistency might not be very significant. 
If too much confidence was put in the observed 
results of the depolarization ratio, it might 
sometimes lead to an erroneous assignment. 
However, it should be mentioned here that the 


* For example, the combination of two fundamental 


vibrations belonging to species E’ brings out four vibra- 
tions belonging to species Ai’, A»’ and E’ respectively, 
of which the one belonging to species Ai’ might have 
the highest intensity in Raman effect. Therefore, the 
depolarization ratio of the observed line corresponding 
to this combination has to be considerably small. 
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above explanation of the overtones and com- 
binations may not be absolutely correct because 
of the existence of the unobservable normal 
vibrations. 


Discussion 


fhe product rule was applied to the assign- 
meu’ given above. For species A,’, the ratio 
of the products of the frequencies of the or- 
iinary and deuterated trichlorobenzenes was 
calculated from the observed frequencies, such 
as 1.401 in good agreement with the theoretical 
value 1.414, showing that the assignment was 
correct. : 

In species E’, it has previously been pointed 
out that the assignment of 1:7; was somewhat 
questionable. The theoretical value of the 
ratio is 1.982. Assuming that the line at 209 
cm~! of ordinary trichlorobenzene and the line 
at 188cm~' of deuterated correspond to the 
in-plane bending vibrations of C-Cl bonds, 
vi7’s, the ratio calculated from the observed 
frequencies was 2.162, exceeding the theoretical 
value by about 9%. On the other hand, as- 
suming that the line observed at 188cm~' of 
both trichlorobenzenes corresponds to v7, the 
calculated ratio was found to be 1.944, lower 
than the theoretical value by about 2%. This 
discrepancy of 2% could be expected from the 
accumulation of small errors in frequency 
measurements, from the shift of the funda- 
mental lines due to Fermi reasonance, etc., 
but that of 9% had to be regarded as inex- 
plicable and might suggest an erroneous assign- 


ment. Thus, it was decided that the lines at 
188 cm~' in both substances had to be assigned 
tO »17. However, it should be mentioned here 


that, since there exists a possibility that an un- 
observably weak line corresponding to the line 
at 209cm~' does exsist at a suitable frequency 
(about 205cm~') in the spectrum of deuterated 
substance, the above assignment can not be 
considered absolutely correct. 

For species E’’, the theoretical value is 
1.402. However, since »:;3; (C-H out-of-plane 
bending vibration) of ordinary trichlorobenzene 
was not observed, the observed ratio could not 
be compared with the theoretical one. Accord- 
ingly, the above-mintioned question concerning 
the assignment of the C-Cl in-plane bending 
vibration could not be solved. However, if 
the frequency of v20’s were assumed to be 188 
cm~' for both ordinary and deuterated sub- 
stances, the frequency of v:3 of ordinary sub- 
stance could be calculated to be 936cm™' by 
applying the product rule. However, as was 
stated in the previous paragraphs, no Raman 
line was observed in the neighborhood of this 
frequency. 
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Summary 


The Raman spectra and the qualitative de- 
polarization ratio of each line were observed 
for the solutions of 1, 3, 5-trichlorobenzene and 
1, 3, 5-trichlorobenzene-d;. The assignments of 
Raman active normal vibrations of these sub- 
stances were carried out from the results of 
these measurements. The assignments for 
species A,’ and E’ proved to be correct from 
the application of the product rule, showing 
a good accordance between theoretical and 
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calculated ratios of products of the frequencies. 
However, the application of the product rule 
was impossible for species E’’ because of un- 
observed frequencies. 


The author would like to express his appreci- 
ation of the valuable advice given by Dr. Y. 
Mashiko. 
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Concerning the infrared absorption spectra 
of 1,2,4,5-tetrachlorobenzene and 1, 2,4, 5- 
tetrachlorobenzene-d», a report? was previously 
presented by the author in which tentative 
assigments were proposed for the observed 
infrared absorption bands. In this paper the 
Raman spectra of these substances will be 
presented, and the assignment of these observed 
lines will be discussed. 

The Raman spectra of ordinary 1,2,4,5-tetra- 
chlorobenzene have already been reported on 
by several investigators”. But all of their 
papers have been concerned with a group of 
similarly substituted benzenes, 1, 2, 4, 5-tetra- 
chlorobenzene was treated simply as a niember 
of this group. Consequently, the molecular 
spectra of 1, 2,4, 5-tetrachlorobenzene itself do 
not appear to have been fully studied. In this 
paper, instead of adopting such an inductive 
method, the Raman spectrum was observed for 
deuterated as well as for ordinary 1, 2,4, 5- 
tetrachlorobenzene, and the assignment was 
carried out by comparing the Raman spectra 
for both species of the substance. 

Since the molecule contains four chlorine 
atoms, the normal vibrations were expected to 
be concentrated in a lower frequency region 
compared with those of p-dichlorobenzene and 
1,3,5-trichlorobenzene, which have been studied 
in previous papers’ As the observation of 


1) S. Saéki, This Bulletin, 34, 1552 (1961). 

2) For example, J. W. Murray and D. H. Andrews, J. 
Chem. Phys., 2, 119 (1934). 

3) S. Saéki, This Bulletin, 33, 1021 (1960). 

4) S. Saéki, ibid., 33, 1024 (1960). 

5) S. Saéki, ibld., 34, 1658 (1901). 

6) S. Saéki, ibid., 34, 1851 (1961). 


low frequency vibrations is much easier in 
Raman effect than in infrared spectroscopy, the 
product rule can be applied more completely 
to Raman lines. However, since a Raman line 
belonging to a species other than the totally 
symmetric one generally has a relatively low 
intensity and can often escape observation, 
this might become a new obstacle for the 
assignment. 


Experimental and Results 


Ordinary commercial 1,2,4,5-tetrachlorobenzene 
of extra pure grade was recrystallized from ethanol 
three times, and then further purified by subli- 
mation. 

The deuterated substance was prepared in the 
following way: 1,2,4,5-tetrachlorobenzene was 
stirred with deuterated sulfuric acid for eight hours 
at 150°C. The reaction mixture was then poured 
on ice and the precipitate filtered off and dried. 
The degree of substitution was checked by the 
infrared absorption spectrum after each substitution 
reaction, and the reaction was repeated until the 
strongest absorption band of CsHDCI, could hardly 
be recognized. The obtained CsD.Cl, was purified 
in the same way as that of ordinary tetrachloro- 
benzene. 

The Raman spectra were measured by using a 
Cary model 81 automatic recording spectrophoto- 
meter, and the qualitative depolarization ratios 
were measured by the two-exposure method, using 
polaroid cylinders. 

The measurements were carried out for the so- 
lutions in carbon tetrachloride and in benzene. 

Although the Raman spectra of p-dichlorobenzene 
and 1,3,5-trichlorobenzene were measured for the 
solutions in methanol and carbon tetrachloride*”, 
the solubility of 1,2,4,5-tetrachlorobenzene in 
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methanol is so low that the spectra could not be 
measured in methanol solutions. Since the solu- 
bility of chlorobenzene decreases with the in- 
creasing number of chlorine atoms contained in the 
molecule, the concentrations of the sample solutions 
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Fig. 1. Raman spectra of 1,2,4,5-tetrachloro- 
benzene (0.7 g. in Scc. carbon tetrachloride). 
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Fig. 2. Raman spectra of 1,2,4,5-tetrachloro- 
benzene (0.6g. in Scc. benzene). 
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Fig. 3. Raman spectra of 1,2,4,5-tetrachloro- 
benzene-d.(0.5 g. in 4cc. carbon tetrachloride). 
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Fig. 4. Raman spectra of 1,2,4,5-tetrachloro- 
benzene-d, (0.6g. in Scc. benzene). 
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were not very high in this case. In the carbon 
tetrachloride solution, about 0.7g. solute was dis- 
solved in Sml. of solvent, while in the benzene 
solution about 0.6g. solute was dissolved in 5 ml: 
of solvent. Irrespective of these low concentrations, 
the solute was not entirely dissolved at room tem- 
perature, and it was necessary to keep the Raman 
tube in the lamp compartment for almost an hour 
in order to dissolve the entire solute*. 


RAMAN SPECTRUM OF 1,2,4,5- 
TETRACHLOROBENZENE 


TABLE I. 


ar rac ide . 
Carbon tetrachloride Seneene solution 


solution 
Intensity Intensity 
by, cm™! vy, cm! 
Cross Parallel Cross Parallel 
184 sh 1 sh 1 
226 16 17 
314 10 12 
350 70 sh 22 352 84 38 
467 l 
509 2 2 
ca. 570 2 - 554 l - 
685 50 18 685 53 22 
1162 72 27 
1190 7 6 
1206 10 5 
1236 3 3 
ca. 1535 
1567 33 35 
2502 6 3 
3075 25 17 
3137 4 
TABLE II. RAMAN SPECTRUM OF 1,2,4,5- 


TETRACHLOROBENZENE-d> 


Carbon tetrachloride 
: . Benzene solution 
solution 


Intensity Intensity 
¥, cm=! vy, cm™! 


Cross Parallel Cross Parallel 


184 sh 2 sh4 
215 sh 5 sh7 
315 6 7 

351 63 sh 20? 351 49 22 

667 41 16 665 34 14 
956 sh 10 

1155 54 21 

1180 6 5 

1208 4 

1410 2? 

1418 7 2 

1520 1? sh 

1552 44 45 

1675 3? 

2301 17 13 

ca. 2500 6 


* The temperature was 36°C in the lamp compartment. 
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As the concentrations of the solutions were low, 
a relatively high gain was required for the measure- 
ments ; consequently, the signal to noise ratio in 
the obtained spectra was about 25, a rather low 
value for this spectrometer. The obtained Raman 
spectra are shown in Figs. 1—4, where the noises 
could not be well represented because of the small 
sizes of the figures. The base line of each spectrum, 
especially of the spectra of deuterated substance, 
rose towards the higher frequency limit of the 
spectrum. This was probably due to a slight amount 
of resinous impurity, which was unavoidable in 
this case. The rapid rising of the base line made 
necessary its resetting at several frequencies, but it 
produced no obstruction to the measurement of the 
frequencies of Raman lines. 

In the figures, the Raman lines marked with 
small arrows are those of the solvent or of the 
mercury arc lamp. 

The observed Raman lines are listed in Tables I 
and II. In the tables, the intensities are simply 
represented by the heights of lines measured by 
the scale on the chart. 


Assignment 


Since the 1,2, 4,5-tetrachlorobenzene mole- 
cule has the symmetry Vn, as does the p- 
dichlorobenzene molecule, fifteen of thirty 
normal vibrations are active to the Raman 
effect. Also, as this molecule has a center of 
symmetry, there is no vibration which is active 
in both the Raman effect and infrared ab- 
sorption, according to the mutual exclusion 
law. The fifteen Raman active normal vi- 
brations are classified as six vibrations belong- 
ing to species Ag (in-plane), five to species 
B;, (in-plane), one to species Big (out-of- 
plane), and three to species Bog (out-of-plane)*. 
These normal vibrations and their modes are 


TABLE III. 
BRATIONS OF 1,2,4,5-TETRACHLOROBENZENE 
Species No. Mode 
“1 C-H or C-D stretching 
v2 Ring stretching 


SPECIES AND MODES OF NORMAL VI- 


Ag v3 Ring stretching 
Ms C-Cl stretching 
vs Ring deformation 
6 C-Cl in-plane bending 
Big v9 C-Cl out-of-plane bending 
v5 C-H or C-D out-of-plane bending 
Boy vie Ring out-of-plane deformation 


v7 C-Cl out-of-plane bending 


vo; Ring stretching 

vos C-H or C-D in-plane bending 
C-Cl stretching 

ve Ring in-plane deformation 

ver C-Cl in-plane bending 


The x-axis was taken along the two-fold axis perpen- 
dicular to the molecular plane, and the z axis was taken 
along the line combining the two hydrogen atoms. 
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shown in Table III. 

Sixteen Raman lines were observed for 
ordinary as well as for deuterated 1,2, 4, 5- 
tetrachlorobenzene, but, considering their 
frequencies, some of them apparently do not 
correspond to normal vibrations. Therefore, 
it seems that some of the Raman active normal 
vibrations were not observed on account of 
very low frequencies or intensities. 

1, 2, 4, 5-Tetrachlorobenzene. — Species A,. — 
The six normal vibrations belonging to species 
Ag are seen in Table III. In the spectra ob- 
tained, the polarized and strong lines were 
observed in the regions expected from their 
modes, except for ». and vs (see Figs. 1 and 
2), and the following assignment was unam- 
biguously decided upon: »,: 3075cm™~', v3: 
1162cm-!, v4: 685cm-! and v5: 350cm-!. 
Considering the high intensities and low 
depolarization ratios of these lines, no point 
of discussion exists in the above assignment. 

In the region around 1500cm~'! where the 
ring stretching vibration was expected to 
appear, a remarkable line was observed at 
1567cm~'. However, the large depolarization 
ratio of this line clearly showed itself to 
correspond to the ring stretching vibration of 
species B;z. In addition to this line, a much 
weaker line was with difficulty observed at 
1535cm~-! only in the carbon tetrachloride 
solution. As this line was observed as a 
shoulder of the Raman line of the solvent at 


1550cm-! only in the spectrum excited by 
perpendicularly polarized light, its accurate 
frequency was difficult to measure. However, 


it was clear that this was a polarized line, 
since it entirely disappeared when excited by 
parallelly polarized light. 

It might be indeed unusual for a line 
belonging to species Ag to show such a weak 
intensity, but since no other polarized line 
was found in this region, this line had to be 
considered to correspond to the totally sym- 
metric ring stretching vibration. 

As for the last vibration of species Ag, vs, 
the in-plane bending vibration of the C-—Cl 
bonds, two weak lines were observed near 
200cm~', one at 226cm~7! and the other at 
184cm~'. In the carbon tetrachloride solution, 
these lines were masked by a strong line of 
the solvent, but in the benzene solution they 
were observed as a shoulder of the exciting 
line. However, neither of these lines could 
be assigned to vs, for both of them had con- 
siderable depolarization ratios. Therefore, it 
was concluded that », might have a lower 
frequency and be completely masked by the 
Rayleigh line. By estimating from the width 
of the Rayleigh line, the frequency should be 
lower than 175cm~?. 
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Species By.—As is seen in Table III, the 
only vibration belonging to species Big is the 
out-of-plane bending vibration of C-Cl bonds, 
vo. As there are four Raman active bending 
vibrations of C-Cl bonds, that is, v6, vs, v17 
and v2:, it is very difficult to determine the 
assignment of the two observed lines at 184 
and 226cm~-!. However, these lines were 
shifted to 184 and 215cm~' respectively, by 
the deuteration; this fact suggests that the 
line at 226cm~! of ordinary tetrachlorobenzene 
could not correspond to vs, which belongs to 
species Big, for the product rule requires that 
the ratio of the v»’s of ordinary and deuterated 
tetrachlorobenzene be 1. Consequently, the 
conclusion was drawn that the vibration v» 
corresponds to the line at 184cm~'! or lies in 
the unobservable low frequency region. 

Species B...—Although the out-of-plane bend- 
ing vibration of C-H bonds was expected to 
appear in the region from 800 to 1000cm-', 
no Raman line was observed in this region, 
as is seen in Table I. Since the Raman active 
out-of-plane vibrations of C-H bonds were 
not observed in the spectrum of p-dichloro- 
and 1, 3, 5-trichlorobenzene, as was reported in 
the previous papers**, it appeared to be 
unobservable, in this case also on account of 
its low intensity. 

To the out-of-plane deformation vibration of 
the ring, vis, the line at 314cm~'! could be 
assigned. However, since there is another ring 
deformation vibration belonging to species B:, 
(v2), it seemed also possible to assign the 
line at 314cm~! to it. However, this latter 
possibility must be ruled out for a reason 
which will be mentioned later. 

As for the out-of-plane bending vibration of 
C-Cl bonds, »:;, it is possibly unobserved. 
However, provided that it were observed in 
the spectra, the line at 184cm~! or 226cm7! 
might be regarded as the corresponding line. 

Species Byy.—As the stretching vibration of 
the benzene ring, v2:, was expected to appear 
at about 1500cm~’, it was clear that the above- 
mentioned remarkable line at 1567 cm~'! corre- 
sponded to this vibration. This assignment is 
consistent with the observed qualitative de- 
polarization ratio. 

In the region 1000~1200cm~! where the in- 
plane bending vibration of C-H bonds, v2, 
was expected to appear, two lines of medium 
intensity were observed at 1190 and 1206 cm~'. 
Since the latter line was polarized, as is shown 
in Table I, the former was assigned to v2. 

Although the C-Cl stretching vibration, v2:, 
was expected to appear in the vicinity of 
700 cm~', no line was observed in this region 
except the strong line at 685cm~! which had 
already been assigned to »;. But if lines are 





‘to be assigned to v2.6. 
‘fundamental, the other had to be explained as 
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looked for over a wider frequency region, two 
weak lines are found at 509 and 554cm~-'. 
Although the former was a little stronger than 
the latter, the latter combining with the line 
at 685cm~' (ag), gave a combination line at 
1236cm~-! which could not be explained as 
any other combination. Therefore, the line 
at 554cm~! was assigned to vos. 

To the in-plane deformation vibration of the 
benzene ring, v2, either the line at 467cm7! 
or at 509cm~! might be assigned. It appeared 
to be a little strained to assign the line at 314 
cm~' to v2, for v2. probably has a frequency 
higher than 351 cm~', which was the frequency 
of the totally symmetric in-plane deformation 
vibration of the benzene ring. However, since 
the lines at 467 and 509cm~-! were both very 
weak, it was difficult to determine which was 
If one was taken for the 


an overtone or a combination. However, if 
necessary, both of them could be explained as 
an overtone or a combination, that is, 467=226 
(beg) X2 and 509=184 (bic or bsg) +314 (bog). 

However, there was another, more plausible 
explanation for the line at 509cm~'. As was 
reported in our previous paper’, a strong 
absorption band was observed at 507cm™! in 
the infrared absorption spectrum of this sub- 
stance. Taking account of this fact, the Raman 
line at 509cm~—! was explained as the forbidden 
line which was brought out by the breakdown 
of the rule of mutual exclusion in solution. 
Since it is quite probable that the rule of 
mutual exclusion breaks down in the condensed 
system, the above explanation appeared to be 
the most plausible. Accordingly, the line at 
467cm~' was assigned to v2.6. 

For the C-Cl in-plane bending vibration, 
vor, there were two lines to be assigned, that 
is, the lines at 184cm~' and at 226cm~'. As 
has been mentioned above, it is impossible to 
determine definitely the assignment of these 
lines. It might as possibly be that v2; was 
not observed as that v2; corresponds to one of 
these two lines. 

Overtones and Combinations.—There were five 
observed lines which were not assigned to the 
fundamentals, that is, the lines at 3137, 2502, 


1236, 1206 and 509cm~-?. The lines at 1236 
and 509cm~' have already been explained as 
685 (ac) +554 (bsg) and as a forbidden line 


which was brought out by the breakdown of 
the mutual exclusion law respectively. 

The line at 3137cm~' was clearly explained 
as 1567 (bsg) X2. 

Although the lines at 2502 and 1206cm7! 
were both polarized, these could be well ex- 
plained neither as an overtone nor as a combi- 
nation belonging to species Ag. Since these 
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two lines were observed also in the carbon 
tetrachloride solution of the deuterated sub- 
stance, as is shown in Table II, they should 
be regarded as lines due to the slight impurity 
contained in the solvent. Although these lines 
were not observed in the Raman spectrum of 
the pure solvent, they might quite probably 
appear in the spectra of sample solutions 
because of the extremely high gain required 
on the measurement of the sample solutions. 
Thus, these lines were removed from discussion. 

1, 2, 4, 5-Tetrachlorobenzene-d,.— Species Ag. 
The line at 2301 cm~' corresponded apparently 
to v;, the stretching vibration of the C-D 
bonds. Although the depolarization ratio of 
this line was observed to be unusually high*, 
there was no other remarkable line in its 
vicinity. Since there is no other Raman active 
stretching vibration of C-D bonds, there is no 
room for doubting this assignment. 

A very weak line observed at 1520cm~! was 
assigned to v»., for it was apparent from the 
frequency and the intensity that this line 


corresponds to the line at 1535cm™' (1) of 
ordinary 1, 2, 4, 5-tetrachlorobenzene. 
For vzs~ys, the assignment could unam- 


biguously be determined, as is shown in Table 
IV. No line was observed for vs. This might 
be because its frequency was too low to be 
observed, as in the case of ordinary substance. 
A combination line was observed at 1675 cm~! 
which could well be explained by assuming 
the frequency of vs to be 155cm~', as will be 
shown later. But, of course, this was not 
strong enough support for assigning 155 cm 
tO v6. 

Species B,,.—Only vy belongs to this species. 
As was already mentioned, it is not certain 
that the frequency of this vibration is high 
enough to be observed. Provided that this 
vibration can be observed, the line at 184cm 
could be assigned to it. 

Species B.,.—The C-D out-of-plane bending 
vibration of this species, »;;, was not observed 
as in the case of the ordinary substance. 

To the deformation vibration of the ring, 
vie, the line at 315 cm~! was assigned. Although 
it is impossible that the frequency of the 
deuterated substance is higher than that of the 
ordinary substance (314cm~'), this might be 
attributed to a slight error in the measurement 
of the frequency because of excessive noise. 

As for viz, the line at 184cm might be 
assigned to it. However, the assignment for 
such C-Cl bending vibrations is not very 
certain for the reason which has already been 
stated in the case of ordinary  tetrachloro- 
benzene. 


The measurement was repeated three times, and the 
high depolarization ratio was observed every time. 
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Species Byy.— The line at 1552cm~' was 
easily assigned to v2;, the stretching vibration 
of the ring. 

As for v2, since it was observed at 1190 cm~! 
in the case of the ordinary substance, it was 
expected to appear near 1000cm~' in the 
deuterated substance. But in this region only 
a weak and diffuse line was observed at 956 
cm~'. Since, irrespective of its low depolari- 
zation ratio, this line could not be explained 
as an overtone or as a combination belonging 
to species Ag, it might be assigned to v.,. It 
will be seen later that this assignment facilitates 
the explanation of some combination lines. 

Although v2; and v5 of ordinary tetrachloro- 
benzene were observed at 554 and 467cm7™! 
respectively, those of deuterated one were not 
observed. 

As for v27, since the line at 226cm~7! was 
assigned to it in the case of 1,2, 4, 5-tetra- 
chlorobenzene, the line at 215cm~' should be 
assigned to it in the case of deuterated sub- 
stance. 

Overtones and Combinations.—There were six 
observed lines which were not assigned to the 
fundamentals, that is, 1180, 1208, 1410, 1448, 
1675 and 2500cm~'. Of these six, the two 
lines at 1208cm~! and 2500cm~—! should be 
regarded as lines of the impurity contained in 
the solvent (carbon tetrachloride), as was 
pointed out in the previous paragraphs, and 
removed from discussion. 

The line at 1180cm~' was explained as 956 
(bsg) +215 (bog). The existence of this combi- 
nation line appeared to justify not only the 
assignment of the weak line at 956cm™7' toa 
fundamental, but also the determination of 
species B., for the fundamental line at 215 
cm~'. For, by assuming that this line corre- 
sponds to the fundamental of species Byg (v27), 
the species of the combination line at 1180 
cm~! should be Ag, while the observed depolari- 
zation ratio was relatively high. However, it 
should be mentioned here that the certainty 
of this determination of the species depends 
on the reliability of the measurement of the 
depolarization ratio. 

The lines at 1410 and 1448cm were well 
explained as the overtones of the infrared 
active fundamentals of 719 and 725cm~! re- 
spectively. These two overtones might perhaps 
resonate and he shifted away from each other. 

The line i675cm~', with a low depolari- 
zation ratio, could not be explained as an 
overtone, but, provided that the frequency of 
the unobserved vs of species A, is 155cm~', 
it can be explained as a combination, 1520 (ag) 

155 (ag). 

The assignments determined above are shown 
in Table IV. 
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TABLE IV. THE ASSIGNMENTS OF RAMAN LINES OF ORDINARY 
AND DEUTERATED 1,2,4,5-TETRACHLOROBENZENE 


- 





Species No. Mode 
CeH2Cl, C.D.Cl, 
vy 3075 2301 C-H or C-D stretching 
v2 ca. 1535 1520 Ring stretching 
Ag 3 1162 1155 Ring stretching 
v4 685 667 C-Cl stretching 
v5 351 351 Ring in-plane deformation 
v6 —_ — C-Cl in-plane bending 
Big v9 184? 184? C-Cl out-of-plane bending ; 
v1 — - C-H or C-D out-of-plane bending 
Boy v16 314 315 Ring out-of-plane deformation 
vit 226 215 C-Cl out-of-plane bending 
vo3 1567 1552 Ring stretching 
v4 1190 956 C-H or C-D in-plane bending 
By, v5 554 — C-Cl stretching 
v6 467 -- Ring in-plane deformation 
vor 184? 184 ? C-Cl in-plane bending 
Discussion clusion law, to look for these unobserved 


According to the product rule, the theo- normal frequencies in the infrared absorption 
retical values of the product of the ratios of Spectrum. Consequently, for some of the 
the frequencies for each substance are 1.414, normal vibrations of this substance, there was 
1, 1.393 and 1.408 for species Ag, Bic, By, and no way of knowing their frequencies; this fact 
prevented the application of the product rule 

For species Ay, although the frequencies of to verify the proposed assignment for most of 
ves were observed for neither species of sub- the SPECIEs. | However, the clear explanation 
stance, these could with enough security be of observed weak lines as overtones or combi- 
assumed to be nearly equal*. With this as- nations appears to suggest that the proposed 
sumption, the ratio calculated from the observed assignments might be the most reliable one at 
frequencies for species Ag was 1.394 in good present. 
accordance with the above-mentioned theoreti- Summary 
cal value, showing the correctness of the 
proposed assignment. 

For species Big 


Bz. respectively. 


The Raman spectra of 1, 2,4, 5-tetrachloro- 
benzene and 1,2,4,5-tetrachlorobenzene-d, were 
measured in their dissolved states in methanol 
and carbon tetrachloride. The depolarization 
ratio of each Raman line was also observed 
qualitatively by the two-exposure method, 
using polaroid cylinders. On the basis of these 
experimental results, the assignment of normal 
vibrations was determined. The _ verification 
product rule was also impossible because, while of the proposed assignments by means of the 
all normal vibrations were observed for 1,2,4, Product rule was impossible for most of the 
5-tetrachlorobenzene (assuming that v2; is 184 Species because of some unobserved normal 
cm-'), some of those for 1,2,4,5-tetrachloro- Vibrations. But, for species Ag, good agreement 
benzene-d. were not observed. was obtained between the theoretical and 

Generally speaking, in the case of 1,2, 4, 5- observed values of the product of the frequen- 
tetrachlorobenzene, it was difficult to observe cies for each substance, and the correctness of 
Raman lines of low intensity because of its ‘he assignment was thus verified. 
poor solubility to the solvents. Furthermore, The author would like to thank Dr. Y. 
it is impossible, because of the mutual ex- Mashiko for helpful comments in connection 
with this paper. 


«, the assignment was de- 
termined so that the product rule might be 
fulfilled. 

For species By, as the bending vibrations 
of C-H and C-D bonds were not observed, 
the application of the product rule was 
impossible. 

For species Bz, the application of the 


The fact that the normal vibrations with low fre- 
quency were scarcely influenced by the substitution for Government Chemical Industrial 
hydrogen atoms of deuterium ones has been seen in the . -— 

Research Institute, Tokyo 


cases of p-dichlorobenzene and 1, 3, 5-trichlorobenzene : sah 
(Refs. 5 and 6). Shibuya-ku, Tokyo 
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Mass-spectrometric Study on Ionization and Dissociation of Formaldehyde, 
Acetaldehyde, Acetone and Ethyl Methyl Ketone by Electron Impact 
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(Received March 28, 1961) 


The ionization and dissociation of ethyl] 
alcohol':? and diethyl ether®? molecules caused 
by electron impact have previously been studied 
by the present author. It has been concluded 
that the ionization takes place by the removal 
of one of the lone pair electrons of the oxygen 
atom and that the bond energy additivity can 
be applied to the ionized dissociation of these 
molecules by considering the trivalent character 
of the O*. 

In this report, the ionization and dissociation 
of formaldehyde, acetaldehyde, acetone and 
ethyl methyl ketone molecules, each of which 
has an oxygen atom as in the case of alcohols 
and ethers, are discussed in relation to the 
determination of appearance potentials of the 
ions produced by electron impact. In the case 
of formaldehyde and acetaldehyde, Reed‘: 
previously carried out an appearance potential 
study for the purpose of determining the dis- 
sociation energies of D(H-CHO), D(H-CO) 
and D(CH;-CHO) and the ionization potential 
of CHO radical. Further, Morrison et al." 
reported the determination of the ionization 
potentials of these two molecules. A similar 
study was also made by Kambara”? with acetone. 


Experimental 


The mass-spectrometer» 
a 90° sector type (r 


used for this study is of 
12cm.). The appearance 
potentials (AP) of ions were determined by the 
retarding potential difference method® (RPD). 
The apparatus! is nearly identical with Fox’s!», 
and its details have been described'*. The ioniza- 
tion potentials and uppor break points on the 
ionization efficiency curves of Ne, CO and Kr 


1) T. Kambara and I. Kanomata, Butsuri, 4, 71 (1949). 

2) T. Kambara and I. Kanomata, Hitachi 
Rombun-shu, No.7, 15 (1949). 

3) I. Kanomata, This Bulletin, 34, 1596 (1961). 

4) R. E. Reed, Trans. Faraday Soc., 53, 1195 (1957) 

5) R. E. Reed, ibid., 54, 949 (1958). 

6) H. Hurzeler, M. G. Inghram and J. D. Morrison, 
J. Chem. Phys., 28, 76 (1958). 

7) T. Kambara, J. Phys. Soc. Japan, 5, 84 (1950). 

8) I. Kanomata, Y. Kaneko and T. Oguri, Mass Spec- 
troscopy, No. 3, 12 (1954). 

9) R. E. Fox, W. M. Hickam, T. Kjeldaas and D. J. 
Grove, Phys. Rev., 84, 859 (1951). 

10) I. Kanomata, Y. Kaneko and T. Oguri, Mass Spec- 
troscopy, No. 6, 46 (1956). 

11) R. E. Fox et al., Rev. Sci. Instr., 26, 1101 (1955). 

12) I. Kanomata, Y. Kaneko and T. Oguri, J. Appl. Phys. 
Japan, %, 502 (1961). 


Hyoron 


obtained in the present study agree well with Fox’s 
results. 

The ionization potential of argon (15.77eV.) was 
used as a standard for parent ions, although, owing 
to the RPD method, such a standard was not 
necessary in as much as the ion source was clean. 
Appearance potentials of fragment ions were deter- 


mined by referring to the appearance potentials 
of parent ions. 
The samples were chemically pure. Formaldehyde 


was prepared through the thermal decomposition 
of the polymer, and other sample gases were used 
after dehydration by calcium chloride. 


Results 


The appearance ratios of the ions produced 
by 75eV. electron impact and their appearance 
potentials are shown in Tables I and II 
respectively. Some ionization efficiency curves 
are illustrated in Fig. 1. Owing to the RPD 
method, characterized by a narrow distribution 
(0.2eV.) of electron energy, fine structures 
appear in the ionization efficiency curves. 
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Fig. 1. Ionization efficiency curves of 
HCHO*, CHO* and CO 
Discussion 
The production processes of ions are as 
follows : 
1) Formaldehyde 
M /e= 30 HCHO* 


Two distinct breaks 
ionization efficiency curve; the 


The ion isa parent ion. 
exist in the 
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TaBLE I. APPEARANCE RATIO 


M/e Ton Appearance ratio 





(CHs)(C2Hs)CO (CH;)sCO CH;CHO HCHO 
72 C,H,0* 53.0 
58 C;H,O* 37.4 
57 C;H;O* 22.4 iz 
45 C:H;O* 0.5 
44 C:H,O* 2.4 Ya 64.5 
43 C:H;0* 100.0 100.0 37.8 
42 C:H20+*, C;H¢* 6.5 4.8 10.7 
41 C:HO+t, C;H;* 2.4 2.4 4.8 
40 cO*, Cn," L2 Baw 
39 C;3H3* 4.3 a 
38 C;He* 2.4 1.8 
37 C;H* 1.4 
30 CH:O* 4.5 90 
29 Ci, Ca,” 20.2 a 100.0 100 
28 CO+*t, C:H2* 7.4 14.6 13.4 29.8 
27 C:H3* 5.4 4.8 
26 C:H2* a 3.1 7.3 
25 C:H* 9.9 
16 (zaa”, 7.0 
15 CH;* 23.7 19.6 44.5 
14 CH," 5.1 5 16.0 5 
13 oS 1.6 5.0 4 
12 i 1.7 3 
TABLE II. APPEARANCE POTENTIAL (eV.) 
M/e Ion Appearance potential 
(CH3) (C2H;)CO (CH;)2CO CH;CHO HCHO 
72 (CH3) (C2H;)CO* 9.88+0.03, 10.5; 
58 (CH3) 2CO* 9.84+0.04 
0.6; t 0.1 
1.5,+0.1 
57 C.H;CO* 10.81+0.04, 12.0 
44 CH;CHO* 10.31+0.04 
.24+0.1 
2.2 
43 CH;CO*, CH:zCHOt 11.10+0.03, 12.4 10.94+0.04 11.38+0.04 
11.9,+0.1 12.0; +0.1 
12.9,+0.1 12.7 +0.1 
13.7 +0.1 
30 10.86+0.02 
11.6, +0.1 
12.6; +0.15 
29 C:H;*, CHO* 12.71+0.03, 15.2 12.53+0.04 12.90+0.07 
13.8 +0.15 13.6 +0.1 
14.8 +0.2 14.2,;+0.1 
16.9 +0.2 
28 CO*, C:H, 14.4 +0.2, 15.6 .6 +0.2 14.5,+0.1 14.1 +0.05 
17.4 15.4 15.3~15.6 15.5~15.9 
8 17.4 +0.2 18.3 +0.3 
27 C.H 16.9 
15 CH;* 15.4 +0. 5.53+0.08 14.8, +0.05 


N 
aa 
w 


0.15 
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energy values corresponding to the threshold 
and the breaks are 10.86+0.02, 11.6,-+0.1 and 
12.6;-+0.15 eV. respectively. Sugden and Price!” 
determined the first, second and third ioniza- 
tion potentials of HCHO as 10.80.1, 11.8-£0.2 
and 13.1+0.2eV. respectively through the 
measurement of the total ion current produced 
by the impact of accelerated photo-electrons. 
The three values obtained by the _ present 
author may be expected to correspond to these 
ionization potentials. 

The first ionization potential of 10.86 eV. 
agrees well with Reed’s result of 10.85 eV. 
obtained by electron impact’, with Watanabe’s 
of 10.87 eV. by photon impact'*’, and with the 
spectroscopic value of 10.88eV.'° It was 
pointed out by McMurry’ in his report on 
absorption spectra that lone pair electrons of 
the oxygen atom in the molecule are at the 
highest occupied orbital. Therefore, the first 
ionization potential corresponds to the energy 
necessary for the removal of one of the lone 
pair electrons. 

The second ionization potential of 11.6; eV., 
on which there are very few data’, may relate 
to the ionization caused by the removal of the 
z-electron of the C-O bond, as has been 
theoretically pointed out by Foster and Boys!” 
and by Sugden. 

The third ionization potential of 12.6; eV. is 
thought to correspond to the removal of a o- 
electron from the C-O bond, as has also been 
pointed out by Foster and Boys. 

The values of the first ionization potentials 
of parent molecules of aldehyde and ketone 
obtained by the present author are listed in 
Table III with their dipole moments. It is 
shown thai the ionization potentials decrease 
by 0.5eV. in the order of HCHO, CH;CHO 
and (CH;).CO, but that the ionization potential 
of (CH;)(C.H;)CO is a little larger than that 
of (CH;).CO. 


TABLE III. IONIZATION POTENTIAL AND DIPOLE 


MOMENT 
Molecule jaan. mame 
HCHO 10.86 Z.at 
CH;CHO 10.31 2.72 
C.H;CHO — hele 
(CH3)2CO 9.84 2.85 
(CHs;) (C:H;)CO 9.88 2.79 


* Dipole momeni: Compiled by L. G. Wesson, 
a publication of the Technology press. M.I.T. 


13) T. M. Sugden and W. C. Price, Trans. Faraday Soc., 
44, 116 (1948). 

1t) K. Watanabe, J. Chem. Phys., 26, 542 (1957). 

15) W. C. Price, ibid., 3, 256 (1935). 

16) H. L. McMurry, ibid., 9, 231 (1941). 

17) J. M. Foster and S. F. Boys, Rev. Mod. Phys., 32, 
303 (1960). 
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The fact that ionization potentials decrease 
with the increase of the number of CH; group 
may be due to the effect of hyper-conjugation 
on the ionization of the oxygen atom. That 
is, it is considered, in general, that the hyper- 
conjugation effect is predominant when the 
carbon atom bound with the CH; group is in 
an sp’ configuration. The fact that the ioniza- 
tion potential of ethyl methyl ketone is some- 
what larger than that of acetone seems to 
indicate that the hyper-conjugation plays an 
important role in the present case. 

These results closely relate to the change of 
the dipole moments of the molecules which 
can be explained by the hyper-conjugation. 
The ionization potential decreases with the 
increment of dipole moment. 


M/e=29 H-C=O* 


Two breaks exist in the ionization efficiency 
curve of this ion. The values of the threshold 
and the breaks are 12.90, 13.6 and 14.2; eV. 
respectively. 

The appearace potential of the R:i* ion 
produced from the R;R2 molecule is expressed 
as follows when excess energy (excitation and 
kinetic energy of R:* and/or R2) is disregarded. 


A(Ri*) =J(Ri) + D(Ri— Re) 


If the ionization takes place by the removal 
of one of the lone pair electrons belonging to 
the oxygen atom in the molecule, the energy 
necessary for this reaction is 10.86eV. By 
inserting the value of D(H-CHO) (79.3 kcal./ 
mol. or 3.45eV.) in the above equation, the 
ionization potential of Rs is obtained as 9.45 
eV. (12.9eV.—3.45eV.). This value is 1.4eV. 
lower than the ionization potential of the 
formaldehyde molecule. This may be explained 
by the fact that the triple bond formation can 
be expected between C and O* in the ionized 
state of CHO, while, for the ionized state of 
formaldehyde, only the double bond can exist. 
That is, the formation of the triple bond brings 
the stabilization of 1.4eV. on the CHO*. The 
value of 1.4eV. is considerably smaller than 
the stabilization energy of 2.35 eV. in the case 
of H:sC=O*—C.H;s produced from diethyl 
ether®. 

The bond energy between C and O in 
formaldehyde is 144kcal./mol.' If it is 
assumed that this bond energy is not affected 
by the ionization of the lone pair electron of 
the oxygen atom in the molecule, the total 


bond energy of O* in the CHO* is calculated 
as > keal./mol. (144 kcal./mol. + 23.06 x 1.4 
K Wi.) 
is) ¥ Sy-kin and M. E. Dyatkina, “ Structure of 
Meiccules and the Chemical Bond”, Interscience Pub- 


lishers, New York. 


a2 643 wa = wee 
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The author has previously pointed out in 
his discussion of the ionized decomposition of 
diethyl ether® that the total bond energies of 
O* in H,C=O+t—C:H; and in H-C=O* are 
204 kcal./mol. and 183 kcal./mol. respectively. 
The present datum (176 kcal./mol.) agrees with 
the previous result (183 kcal./mol.) on the 
whole. 

The reason why the energy of trivalence in 
the H-C=O* is smaller than that in the H,C= 
O*-—C:;H; is thought to be due to the fact 
that the former has a smaller number of 
resonance structures. 


M/e= 28 co” 


The observed appearance potentials of this 
ion are 14.10.05, 15.5~15.9 and 18.3+0.3 eV. 
respectively. 

The following two processes may be con- 
sidered for the creation of CO* from formalde- 
hyde: 


HCHO+e — CO?* )%+H>2+2e 
HCHO+e — CO*+2H+2e 
The heat of reaction, or the appearance 


potential of CO*, is calculated as 14.1 eV. for 


the former reaction and as 18.5eV. for the 
latter. These values agree well with the 
appearance potentials obtained in the present 
work. 


The break between 15.5~15.9eV. in the 
ionization efficiency curve is vague; it some- 
times appears, and sometimes it dose not. The 
value is close to the ionization potential of 
the nitrogen molecule, so it is thought that 
the break is due to the ionization of N2, which 
exists as a background in the mass-spectro- 
meter. 

On the other hand, from the thermal de- 
composition experiments previously made by 
the present author, it has been found that 
HCHO is thermally unstable, that it decom- 
poses easily to the CO molecule, and that the 
CHO radical can not be expected through the 
thermal decomposition. Therefore, it is also 
reasonable to consider that a part of formalde- 
hyde gas thermally decomposes into CO gas 
on the tungsten filament of the ion source and 
that the CO molecule is ionized when it enters 
again into ionization chamber. According to 
this assumption, the first appearance potential 
of M/e=28 corresponds to the ionization 
potential of the CO molecule ; the experimental 
result does not disagree with the above con- 
clusion. In this case, the second breaks at 
18.3eV. may correspond to the excited state of 
the CO* ion. 


19) F. H. Field and J. L. Franklin, “ Electron Impact 
Phenomena and the Properties of Gaseous Ions ”’, Academic 
Press Inc. Publishers, New York (1957). 
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2) Acetaldehyde 
M/e=44 CH:CHO* 


The observed value of 10.31eV. is the first 
ionization potential of the acetaldehyde mole- 
cule. Two breaks exist, at 11.2; and 12.2 eV. 
on the ionization efficiency curve. 

Sugden and Price’*? have previously obtained 
Observed values of 10.4+0.1, 11.30.1, 12.3 
0.1 and 13.50.2eV. through measurement of 
the total ionization current. The first three 
values agree well with the values of the present 
author. At the electron energy as large as 
13.5eV., the dissociation of molecular ion 
certainly takes place. So Sugden’s method, 
which dealt with only the total ionization 
current, is unsuitable for the determination of 
the higher ionization potentials of the parent 
molecule. 

As regards the classification of the ionization 
potentials of CH;CHO, it is reasonable to 
consider, as in the case of HCHO™, that 10.31 
eV. corresponds to the energy necessary for 
the removal of one of the lone pair electrons 
of the oxygen atom in the molecule, that 11.2, 
eV. is the energy needed for the removal of a 
m-electron in the C-O bond, and that 12.3 eV. 
is the energy needed for the removal of an 
o-electron in the C-O bond in the molecule. 


M/e= 43 CH;CO* or CHsCHO* 


The appearance potential of this ion is 11.38 
eV., and breaks exist at 12.1, 12.7 and 13.7 eV. 
The M/e=43 ion is produced by subtracting 
a hydrogen atom from the parent molecular 
ion. The bond dissociation energy of C-H in 
the aldehyde radical is thought to be smaller 
than that in the methyl radical; moreover, if 
a hydrogen atom is removed from the aldehyde 
radical, the stabilization of energy due to the 
formation of a triple bond of O* may take 
place. Accordingly it is reasonable to conclude 
that the hydrogen atom is removed from the 
aldehyde radical in the molecule. Thus, when 
relation A(R43*) =1(R43) + D(CH;CO-H) and 
D(CH:CO-H) = 3.48 eV.2% are used, 1(CH;CO) 
is obtained as 7.90 eV. 

This value is 2.41 eV. (55 kcal./mol.) smaller 
than the ionization potential of the parent 
molecule. It can be considered that the stabiliza- 
tion by 2.41 eV. takes place with the formation 
of a triple bond of O* in this ion. If it is 
assumed that the bond energy between C and 
O atoms in acetaldehyde is not affected by the 
ionization of one of the lone pair electrons of 
oxygen atom and that the bond energy addi- 
tivity is applicable to such an ionic state, the 
total bond energy of O* in CH;C=O* is 


20) J. S. Roberts and H. A. Skinner, Trans. Faraday 
Soc., 45, 339 (1949). 
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obtained as 204.5 kcal./mol. (149.5+55 kcal.) 
by considering that the bond energy between 
C and O in acetaldehyde is 149.5 kcal.'®? 

On the other hand, the total bond energy 
of O* in CHO* was calculated as 176 and 183 
kcal. by the author, as has been described 
above. The increase of the stabilization in 
the CH;CO* ion seems to be due to the 
resonance between different structures, for 
example, H;=C-C=O* and H*H>2=C=-O. 

As for the second and the third ionization 
potentials, no information has been obtained 
to interpret them. 


M /e= 29 CHO* 
As D(CH;-CHO) is 71.5 kcal./mol. (3.10 
eV.), (CHO) is calculated as 9.43 eV. from 


the observed appearance potential of the ion. 
This value agrees well with the value of (CHO) 
obtained from HCHO in this report, and it is 
only a little smaller than Reed’s value of 
9.87 eV. In this case the stabilization energy 
is obtained as follows: 

I(CH;CHO) — 1(CHO) =0.88 eV. (20.4 kcal. 
mol.). Therefore, the total bond energy of 
O* in H-C=O*, calculated under the assump- 
tions described above, is 170 kcal./mol. (149.5 
+ 20.4 keal./mol.). This value should more 
closely agree with the 183 kcal./mol. obtained 
from diethyl ether and with the 176 kcal./mol. 
from formaldehyde. However, such a dis- 
crepancy among these values is unavoidable 
under these loose assumptions. 


M/e=28 CO* or C2H,* 


The ionization efficiency curve of M/e=28 
has an uncertain break between 15.3~15.6 eV. 
and a rather distinct break at 17.4eV. The 
heat of reactions, or the appearance potentials 
of CO* from CH;CHO, are obtained, by con- 
sidering the heat of the formation of CO* 
and of the other related molecules and radicals, 
as follows: 


CH;:CHO+e — CO*t+(CH;+2e 13.8 eV. 
CH;CHO+e — CO*++CH2+H:2+2e 15.8 eV. 
CH;CHO+e — CO*++H+CH;+2e 18.2 eV. 


The calculated values do not agree with the 
observed appearance potentials of the M/e=28 
ion. However, as the appearance ratio of this 
ion is very small the influence of N.* from the 
background in the mass-spectrometer could be 
expected to be greater, and so the apparent 
appearance potentials should also be greater 
than expected. By considering such a bad ob- 
serving condition, the observed values may be 
said to correspond closely enough to the above- 
estimated reactions. 

On the other hand, if the reaction is assumed 
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as CH;CHO — C,H,* +0, the heat of reaction 
would be 15.3 eV. 


M /e=15 CH;* 
The reaction to produce CH;* is supposed as 
CH:CHO+e — CH;* +CHO+2e 
or CH;CHO+e — CH;*+CO+H+2e 


The ionization potential of CH; radical can 
be estimated from various data. The mean 
value of the data given from various ionized 
decompositions of organic compounds is 10.0 
eV. Moreover, the energy for direct ionization 


of CH; radical is also 10.0eV. If I(CH;)= 
10.0 eV., D(CH;— CHO) =3.10 eV.*? and D(H— 
CO) =1.13 eV.*°, the heat of reaction for these 
processes is calculated as 13.10eV. and 14.23 
eV. respectively. The observed value agrees 
with the latter calculated value by assuming 
that the reaction has an excess energy of 
0.6 eV. 


3) Acetone 
M /e=58 (CH3)2CO* 

Two break points exist in the ionization 
efficiency curve. The values of the threshold 
and the break points are 9.84+0.04, 10.6;0.1 
and 11.5,;+0.l eV. respectively. It is thought 
that these values must be compared with 
Sugden and Price’s values, 10.20.1, 11.30.1, 
12.2+0.1 and 13.6+0.2 eV., which were obtained 
by the measurement of the total ionization 
current produced by the impact of accelerated 
photo-electrons. The discrepancy is _ large. 
Sugden’s method seems, however, to be unsuit- 
able for the determination of the higher ioniza- 
tion potentials of the parent molecule because 
of the formation of fragment ions. The first 
ionization potential of the molecule was deter- 
mined as 9.92 and 9.89eV. mass-spectrometri- 
cally, by Morrison et al.*!? and Omura et al.*”? 
respectively, as 9.69eV. from the measurement 
of the total ionization current produced by 
photon impact by Watanabe*”, and as 9.705 eV. 
spectrometrically. It is reasonable that the 
first, second and third ionization potentials 
obtained are correlated, as in the case of form- 
aldehyde, to the ionization of the lone pair 
electron of the oxygen atom, of the z-electron 
and of the g-electron in the C-O bond respect- 
ively. 


M /e=43 CH;CO+t 
There are two breaks in the ionization effici- 
ency curve. By considering that D(CH;— 


COCH:;) is 3.15 eV.*°, I(CH:CO) is obtained as 





21) J. D. Morrison and A. J. C. Nicholson, J. Chem. 
Phys., 20, 1021 (1952). 

22) I. Omura, K. Higasi and H. Baba, This Bulletin, 29, 
504 (1956). 

23) K. Watanabe, J. Chem. Phys., 26, 542 (1957). 
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7.799eV. from the relation of I(CH;:CO)= 
A(CH:;CO* )— D(CH;—COCH:;). The value is 
2.05eV. smaller than the ionization potential 
of acetone. By assuming the structure of this 
ion as CH;C=O*, in which the trivalency is 
satisfied, the value of 2.05eV. is thought to be 
the stabilization energy through the formation 
of the triple bond. 

The total bond energy of O* in the ion is 
calculated as 202 kcal./mol. by adopting 155 
kcal./mol.'*? as the bond energy between C 
and O in acetone. The value 202 kcal./mol. 
agrees well with that calculated in the case of 
acetaldehyde. 


M/e=28 CO? or C.H,* 


The appearance ratio of this ion is small, 
and the influence of N2* in background seems 
to be large, so the accuracy is not great. The 
heat of reaction for seven processes, which are 
all expected to produce M/e=28, is calculated 
as follows: 


(CH3)2,>CO+e — CO* '+C,He+2e 14.3 eV. 
(CH;),CO+e 

> CO* +H2+C2Hi +2e 15.7 eV. 
(CH;)CO+e — CO*+2(CHs)+2e 17.9 eV. 
(CH;)-CO+e 

> C,H,* °2+CO+H2+2e 12.2 eV. 
(CH;),CO+e 

> C.H,* +HCHO + 2e 12.1 eV. 
(CH;),CO+e 

> C.H,* +CHO*?+H-+2e 15.3: e¥. 
(CH;),CO+e 

— C,H,* +CO+2H-+2e 16.6 eV. 


However, a conclusion as to a process suitable 
for the production of the M/e 28 ion could 
not be obtained. 


M/e=27 C.H;* 

This ion must be C:H;*. The calculated 
appearance potentials for this ion are as fol- 
lows: 

(CH;).,CO+e 

> C.H3* +H2+CHO+2e 14.3 eV. 
(CH3)2,CO+e 

> C.H3* +H+H2+CO+42e 15.5 eV. 
(CH;).,CO+e 

> C.H3* +3H+CO+2e 19.8 eV. 


These values do not agree with the observed 
value. Therefore, the mechanism of the pro- 
duction of this ion can not be found. 
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M/e=15 CH;* 


The calculated appearance potentials of this 
ion are as follows: 


(CH;),CO+e 

> CH;* '+CH;CO”? +2e 13.1 eV. 
(CH;),CO+e 

> CH;* +CH;+CO-+2e 13.9 eV. 
(CH3)2,CO+e 

> CH;*+CH+H2+CO+2e 16.3 eV. 


Accordingly, the second and the third reactions 
would be possible if the reactions take place 
with excess energies (kinetic and/or excita- 
tional energies) of 1.6 and 1.0eV. respectively. 
In order to know the possible reactions con- 
clusively, however, the kinetic energies of pro- 
duced ions must be measured more precisely. 


4) Ethyl Methyl Ketone 
M/e=72 CH;COC,H;* 

There is a break in the ionization efficiency 
curve of this ion, and there seem to exist 
something like breaks above the first break 
point. 

The first ionization potential is thought to 
be the energy by which the removal of one of 
the lone pair electrons of the O atom in the 
molecule takes place, as in the previous dis- 
cussion of this report. The value obtained by 
the present author is a little larger than that 
of acetone. The fact is reasonably explained 
by assuming that hyper-conjugation is a little 
smaller in ethyl methyl ketone. This tendency 
was recognized also in a comparison of dipole 
moments. 


M /e=57 C,H;CO* or CH,CO*CH 


If this ion is assumed to be C.H;CO*, the 
corresponding reaction is as follows: 


CH;COC2H;+e — C:H;CO* +CH3;+ 2e 


Moreover, the structure of the ion produced 
should be C.H;-C=O*, which satisfies the 
trivalency as in the case of HCO* from 
formaldehyde and of CH;CO* from acetalde- 
hyde as well as acetone. J(C:H;CO) is 
obtained as 7.66eV. by use of the relations, 
A(C2H;CO*) = I(C2H;CO) + D(CH;—COC;H;) 
and D(CH;—COC:>H;) =3.15eV*. This value 
is a little smaller than the value of J(CH;CO) 
obtained previously in this report. 

From the value of /(C,H;CO), the stabiliza- 
tion energy by the formation of triple bond 
of O* in this ion is calculated as 2.22 eV. 
(9.88 eV.—7.66eV.). Hence, the total binding 
energy of O* in this ion is obtained as 206 
kcal./mol. (157 kcal./mol.'*®? + 23.06 x 2.22 kcal./ 
mol.). This value agrees quite well with the 
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values for CH:C=O* obtained in the case of 
acetaldehyde and acetone. 

On the other hand, if this ion 
CH; 


is assumed 


to be cor, the ionization potential of 


this ion is obtained as 7.20eV., provided that 
the dissociation energy between C atoms in 
t. 2 ethyl radical in the molecule is assumed 
as 3.60eV., which is the dissociation energy of 
ethane. However, in this case the stabilization 
due to the formation of the triple bond of O* 
in the ion can not take place. The value of 
7.20 eV. is therefore thought to be as abnor- 
mally small as the ionization of the oxygen 
atom in the radical. 


M/e=43 CH;CO* 


The assumed reaction for the production of 
this ion is as follows: 


CH:COC>H; te = CH;CO* +C.H; + 2e 


I(CH;CO) is calculated as 7.97 eV. by the use 
of D(CH;CO—C:;H;)=3.13 eV.°> This value 
of I(CH;CO) must, of course, agree with the 
values of J(CH;CO) in the cases of acetalde- 
hyde and acetone. In this case also, by assum- 
ing 1.91eV., which is the difference between 
this value and the ionization potential of the 
parent molecule, as the stabilization energy 
due to the formation of the triple bond of O* 
in the ion, 202 kcal. is obtained as total bond 
energy of the O* in the CH;-C=O* ion (157 
kcal. +- 23.06 x 1.91 kcal.). This also agrees 
quite well with the values previously described 
in this report. Furthermore, the heat of the 
formation of CH;CO* is calculated, by using 
the value obtained above, as 174 kcal./mol. 
The value agrees well with the value cited 
above (cf. Ref. 19). 


M /e=29 C.H;* or CHO* 


If this ion is assumed to be C2H;*, the heat 
of reaction, or the appearance potentials, are 
calculated as follows: 


CH;COC;H; +e 

— C:H;* +CH;CO-+2e 11.8 eV. 
CH;COC:;H;+e 

— C,H;* +CH;+CO-+2e 12.55 eV. 


The second process seems to take place. In 
this case, the reaction by which the CH;CO 
radical is produced is impossible, as in the 
case of acetone. 

On the other hand, if the ion is assumed to 
be CHO*, energetically there is some possibility 
as follows: 


CH ,;COC>H; Te 


“— CHO?* +C3H; +2e 12.1 eV. 


Ichiro KANOMATA 
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CH;COC:;H;+e 
> CHO* +C.H,+CH;+2e 13.2 eV. 
M/e=28 CO* or C.H,* 


As the appearance ratio of this ion is very 
small, a high degree of accuracy in measure- 
ment can not be expected. The heat of reac- 
tion for the following processes is calculated : 


MeEtCO+e — CO++CsHs+2e 14.3 eV. 
MeEtCO+e 
—+ CO*+CH,+C2H,+2e 16.35 eV. 
MeEtCO+e — CO*t+Me+Et+2e 17.9 eV. 
MeEtCO-+e 
— C,H,* +CH,+CO-+2e 11.65 eV. 
MeEtCO-+e 
— C,H,* +CH;:CHO + 2e 11.8 eV. 
MeEtCO+e 
> C.H,* +CH;+CHO + 2e 14.9 eV. 
MeEtCO+e 


— C.H,* +CH2+H2+CO+2e 11.6eV. 


If the second appearance potential of 15.6 eV. 
is rejected for the reason described previously 
in the discussion on the M/e=28 ion produced 
from formaldehyde, the first and the third 
processes will probably be possible. 


M/e=15 CH:;* 


The heat of the reaction of the following 
process is calculated as 15.05 eV. 


CH;COC;Hs+e — CH3* +C:H;s+CO-+ 2e 


The appearance potential of the CH;* agrees 
with the above-calculated heat of reaction if 
the excess energy of 0.3 eV. is permitted in the 
above process. 

On the other hand, if the reaction is 
assumed to be CH;COC;:H;+e — CH;*+ 
CH;COCH> ~+2e, and the values of J(CH;) and 
D(C-C) to be 10.0eV. and 3.6eV. respectively, 
the heat of the reaction of this process is 
obtained as 13.6eV. This does not agree with 
the appearance potential. 

The reason why the process through which 
CH;* is produced from acetone has a relatively 
large excess energy, while the process through 


which CH;* is produced from ethyl methyl 
ketone has a small excess energy, is not 
obvious. 


5) Heat of Formation of CHO*, CH;CO~* and 
C.H;CO* 

The appearance potential of an ion is the 
heat of the reaction by which the ion is 
formed if no excess energy is involved, and 
the process may be treated by the usual methods 
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of thermochemistry. Thus, for the reaction 
R,R, > R:*++Rz, the relation 


A(Ri*) =4H;(Ri*) + 4H:(R2) — 4A (RiR2) 


is given, provided that the reaction involves 
no excess energy. 

By introducing the measured appearance 
potentials and the heat of formation of related 
molecules as well as radicals into the above 
relation, heats of formation of CHO*, CH;CO* 
and C,H;CO* are obtained, as shown in Fig. 
2. The agreement between the heats of forma- 
tion for the same ion produced from different 
molecules is very good, considering that the 
values are obtained through the appearance 
potential study. 


Summary 


A study of the ionization and dissociation 
of formaldehyde, acetaldehyde, acetone and 
ethyl methyl ketone, all of which have an 
oxygen atom, was carried out through the 
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appearance potential method. As appearance 
potentials were obtained by the retarding 
potential difference method, break points, 
which correspond to successively occurring 
ionization, appeared in the ionization efficiency 
curves of molecules and fragments. By con- 
sidering the relation of energy, it is concluded 
that the ionization of the molecule takes place 
at first by the removal of one of the lone pair 
electrons of oxygen atom in the molecule, and 
that, in the formation of a fragment ion in- 
cluding an oxygen atom, dissociation takes 
place to create a triple bond, satisfying the 
trivalency of O* in the fragment ions. 

The total bond energy cf O* in CH;C=O* 
and C.H;C=O* are calculated as about 200 
kcal./mol., while in HC=O* it is 170~180 
kcal./mol. as in the case of diethyl ether 
reported previously. This fact may be explained 
by the number of resonance structures related. 

The second and the third ionization potentials 
are thought to correspond to the removal of 
the z-electron and g-electron in C-O bond 
respectively. The heat of formation of CHO*, 
CH:CO* and C.H;CO* are obtained from 
various reactions. 


The author wishes to express his gratitude 
to Professor K. Kido and Professor T. Titani 
for their continual guidance and encouragement 
throughout this work, and to Professor K. 
Hirota of Osaka University and Professor S. 
Nagakura of the Institute for Solid State Physics, 
the University of Tokyo, for their kind advice 
and valuable discussion. He is also greatly 
indebted to Mr. Y. Kaneko and Mr. T. Oguri 
for their earnest co-operation. 
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The Polymerization of 7-Methyl-L-glutamate- 
N-carboxyanhydride Initiated 
with Acetic Acid 


By T6ru Oxupa and Setsuji SAKURAI 
(Received August 26, 1961) 


The rate of polymerization of N-carboxyanhy- 
drides (NCAs) of a-amino acids and the mole- 
cular weight of polypeptides formed vary widely 
with the characteristic of reaction medium 
and initiator'-*?. We have found that for the 
polymerization of 7-methyl-L-glutamate-NCA, 
acetic acid which has little or no initiating 
ability in one solvent, does act as an initiator 
in another solvent. Thus, when the NCA was 
dissolved in chloroform (1.0710~' mol. 17’) 
containing acetic acid (5.35x10-?mol. 17‘), 
rapid polymerization occurred, and completed 
within 130 min., while in dioxane solution no 
appreciable reaction was observed. Addition 
of dioxane (10% by volume) to the chloroform 
solution of the NCA caused an_ induction 
period of approximate 70 min. and a depression 
in rate (See Fig. 1). The evolution of carbon 
dioxide upon dissolution of the NCA in acetic 


% Polymerization 





300 360 


120 120 240 


Time, min. 


Fig. 1. Time-conversion curves for polymeri- 
zation of y-methyl-L-glutamate-NCA (1.07 x 
10-' mol. |~') indicated with acetic acid (5.35 
<10-2 mol. I~!) in solution at 30°C. 

O—: In chloroform, —@Q@—: in chloro- 


form-dioxane (9:1 by volume), —@-—-: in 
dioxane. 


1) E. R. Blout and R. H. Karlson, J. Am. Chem. Soc., 
78, 941 (1956). 

2) C.H. Bamford, A. Elliott and W. E. Hanby, “‘ Synthe- 
tic polypeptides ”’’, Academic Press Inc., New. York, N. 
Y. (1956), p. 92. 

3) R. D. Lundberg and P. Doty, J. Am. Chem. Soc., 
79, 3961 (1957). 





acid was much slower than in the system 
chloroform-acetic acid. From the reaction 
mixture in acetic acid we were able to isolate 
only terminal-free low molecular weight peptide, 
which, according to the results of elementary 
analysis and optical rotation in dichloroacetic 
acid, had no acetyl group and was composed 
of 3 units of 7-methyl-1-glutamate residue. 
Found: C, 47.1; H, 6.71; N, 9.53. Caled. for 
(Cs;H:sO;N)3;-H20: C, 48.3; H, 6.49; N, 9.40%. 
la]S=17° (c 1.9). So far, no other products 
such as acetylated derivatives, diketopiperazine 
or cyclic peptide have been detected. 

The fact that the degree of polymerization 
of the final polymer obtained in the polymeri- 
zation in chloroform is much higher ([y] = 
0.98, DP=500~600) than that expected from 
the initial NCA-initiator ratio of 2 indicates 
that only a small part of acetic acid was 
utilized as a true initiator. Therefore, the 
behavior of acetic acid as an initiator in 
chloroform solution seems to resemble some- 
what that of tertiary amine. 

Fig. 2 shows that two successive propagation 
rates exist. Similar change in propagation 
rate was observed in polymerizations of other 
NCAs*~® and explained either by conforma- 
tional change (random or §-form to a-helix) 
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Fig. 2. The polymerization of ;-methyl-L- 
glutamate-NCA in chloroform at 30°C, 
initiated with acetic acid under the condition 
given in Fig. 1. The values of [NCA] 
initially and at time ¢ are denoted by M, 
and M:, respectively. 


4) P. Doty and R. D. Lundberg, ibid., 78, 4810 (1956). 

5) T. Okuda, A. Akamatsu and Y. Takeda, unpublished 
data. 

6) D. G. H. Ballard and C. H. Bamford, J. Chem. Soc., 
1959, 1039. 

7) H. Weingarten, J. Am. Chem. Soc., 80, 352 (1958). 

8) J. D. Coombes and E. Katchalaski, ibid., 82, 5280 
(1960). 
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in the growing polypeptide chain‘, or by gel 
effect due to precipitation of polymer or 
gelation». In the present case, after a slow 
propagation rate, when about one-tenth of the 
NCA had been consumed the propagation 
shifted to a faster rate. Since the average DP 
of the polymer was found to be 500~-600, the 
transition occurred when the growing polypep- 
tide chain had reached a DP=50~60. Because 
this value exceeds the one necessary for the 
conformational transition of poly-7-methyl-.- 
glutamate (15~25 residues) the gel effect 
might be more responsible for occurrence of 
the two successive propagation rates. 


We wish to express our thanks to Drs. 
H. Oeda and T. Yoshida for permission to 
publish the present work. 


Central Research Laboratory 
Ajinomoto Co., Inc. 
Kawasaki 





Reduction of a-Pyrones with Complex 
Metal Hydrides 


By Kiyoyuki YAMADA, Mitsuo ISHIZAKA 


and Yoshimasa HIRATA 
(Received November 21, 1961) 


During the course of the structural investi- 
gation of aureothin?, we obtained several 
derivatives that were regarded as products of 
unusual reactions. One of the remarkable 
examples is “aminol H” (II) which was 
produced from isoaureothamine (I) by treat- 
ment with various complex metal hydrides”. 


os CH; OCH; 
NH:< -CH=C-CH=C—CH: CH; “\/CH; 
as | (1) 
| LiBH, (LiAIH, or NaBH,) 
e -<_ OCH; 
NH:< >-CH=C-CH=C—CH, CH), \_CH, 
rss H.C CH p= 
* 1jCOOH 


In order to examine whether or not the 
occurrence of this rather unexpected reduction 
is due to the complexity of the other part of 
the molecule, reduction of simple a-pyrones 


1) K. Yamada, H. Nakata and Y. Hirata, J. Chem. Soc. 
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), $1, 340 
(1960). 

2) K. Yamada, T. Naito, K. Okuhara, H. Nakata and 
Y. Hirata, This Bulletin, 33, 1303 (1960). 
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with complex metal hydrides was carried out. 

4,6-Dimethyl-a-pyrone, when treated with 
lithium aluminum hydride in tetrahydrofuran, 
gave §-methylsorbic acid, m. p. 97°C? (Found: 
C, 67.00; H, 8.10. Caled. for C;Hi,O2: C, 66.46 ; 
H, 7.99%. Ultraviolet spectrum, 229", 260 mv, 
log «, 4.0). Reduction of 4, 6-dimethyl-a-pyrone 
with lithium borohydride in a similar condition 
also gave the same acid, whereas no reaction 
took place with sodium borohydride. 

Further, lithium aluminum hydride reduction 
of 4-methoxy-6-methyl-a-pyrone, which is a 
good model compound for isoaureothamine (1), 
yielded 3-methoxysorbic acid (III) (m. p. 147~ 
149°C (decomp.)*. Found: C, 59.17; H, 7.13. 
Caled. for C;H19O3: C, 59.14; H, 7.09%. Ultra- 
violet spectrum, 2 mf, loge, 4.1) and 
a neutral product (b. p. 101~104°C/16 mmHg. 
One methoxyl group. Ultraviolet spectrum; 
AON 239 mz) which was shown to be identical 
with 3-methoxy-2, 4-hexadienol (IV) obtained 
from $-methoxysorbic acid by lithium alu- 
minum hydride reduction. 

The relative amounts of the two products, 
III and IV, are considerably dependent on the 
reaction conditions (temperature, manner of 
addition, etc.), the details of which will be 
reported elsewhere. Thus, it was established 
that generally the hydrogenolysis of the 1,6- 
linkage of the a-pyrone ring occurs in the 
reduction using complex metal hydrides. 


Chemical Institute 
Faculty of Science 
Nagoya University 
Chikusa-ku, Nagoya 
3) H. Burton and C. K. Ingold, J. Chem. Soc., 1929, 2022; 
R. Kuhn and M. Hoffer, Ber., 65, 651 (1932). 
4) E. R. H. Jones and M. C. Whiting, J. Chem. Soc., 
1949, 1423; H. B. Henbest and E. R. H. Jones, ibid., 1950, 
3628. 


Mechanisms of the Wallach Rearrangement 


By Shigeru OAE, Tsugio FUKUMOTO 
and Masayuki YAMAGAMI 


(Received October 23, 1961) 


Shemyakin, Maimind and Vaichunaite” have 
shown, using !°N-labeled azoxybenzene (I) that 
I was observed to rearrange to 4-hydroxyazoben- 
zene (III) or (IV) under various conditions’» 


1) M. M. Shemyakin, V. J. Maimind and B. K. 
Vaichunaite, Chem. & Ind., 1958, 755; Izvestia Akad. Nauk 
S. S. S. R., Otdel. Khim. Nauk, 866 (1960). 

2) P. H. Gore and G. K. Hughes, Austral. J. Sci. 
Research, 3A, 136 (1950); Chem. Abstr., 45, 2889 (1951). 

3) V. O. Lukashwish and T. N. Khurdyumova, Zhur. 
Obshchei Khim., 18, 1961 (1948). 
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in which the two benzene rings were attacked 
with equal ease. Azoxybenzene recovered 
from these reactions remained practically un- 
changed in isotope distribution: They postul- 
ated that the rearrangement proceeds through 
a symmetrical intermediate, II. 


H.SO, [CsHs-N-'N-CyHs] 
CoHs-N(O)=""N-CoHs — | 
O 


I Il 
— » C,.H;-N='®N-CsH,OH(p) 
Ill 
CoH: 1IsN=N-C,H,OH (p) 
IV 
The formation of the N, N-oxide intermediate 
If was further emphasized by the Russian 
workers” in their finding that there was no 
incorporation of '*O into p-nitroazoxybenzene 
from '*O-labeled sulfuric acid in the isomeri- 


zation of $-p-nitroazoxybenzene (V) to a-p- 
nitroazoxybenzene (VI). 


CeH; N=N-C,H,NO2(p) > C.H;-N=N -CgsH,;NO2(p) 


O O 
¥ VI 


An alternative mechanism was suggested by 
Gore” to proceed via monocation (VII) in which 


nucleophilic attack by -OSO.OH or -OSO.,Cl 
is restricted to the far ring. 
@ = 
CesH;-N(OH)=N-CeH; wae CsHs -_N-N < fv 


OH 
Vil 


The latter mechanism is similar to that of 
the Bamberger reaction’? and one can expect 
that the p-positions would be attacked pre- 
ferentially bv more nucleophilic ethoxy group 
when the reaction is conducted in the mixture 
of ethanol-sulfuric acid as was shown by 
Yukawa”, in the case of the Bamberger re- 
action. p-Aminophenol formed by the Bam- 
berger reaction of phenylhydroxylamine was 
shown to incorporate '“O from the reaction 
medium when the reaction was carried out in 
18Q-labeled sulfuric acid®. We have carried 
out the reaction by heating azoxybenzene in 
the mixture of ethanol and sulfuric acid for 


4) M. M. Shemyakin, V. J. Maimind and Ts. E. 
Agadzhanyan, Chem. & Ind., 1961, 1223. 

5) P. H. Gore, ibid., 1959, 191. 

6) a) “Name Reactions in Organic Chemistry” (Jinmei 
Yuki-Hanno-Shu), Vol. II, Ed. by M. Murakami and Y. 
Yukawa, Asakura Book Co. (1954), p. 228. 

b) C. K. Ingold, “Structure and Mechanism in Organic 
Chemistry”, Cornell Univ. Press (1953), p. 621. 

7) Y. Yukawa, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 71, 603 (1950). 

8) S. Okazaki and M. Okumura, unpublished work,— 
private communication. 
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Shr. at 90°C, but the reaction was found to 
proceed very little, recovering original material 
in almost quantitative yield. We shave 
reacted azoxybenzene in 83% sulfuric acid, 
labeled by 0.67% **O and found that the 
resulting p-hydroxyazobenzene incorporated no 
18Q from the medium (CO, found, 0.202 '%0, 
tank CO., 0.204% 1'°O). We also found that 
the rearrangement of a-p-bromoazoxybenzene 
was much slower than that of unsubstituted 
compound in the same medium (83% H2SO,). 


C.H;-N=N-C,.H,Br(p) — HOC,H,-N=N-C,H,Br(p) 


O 
Vill IX 


a-p-Nitroazoxybenzene is known to rearrange 
slowly. These findings together with the fact 
that a substantial proportion of azoxybenzene 
is reduced by potassium iodide to azobenzene 
in the rearrangement reaction in chlorosulfonic 
acid, seem to suggest that the rearrangement 
in these oxy-acids is an acid catalyzed bi- 
molecular oxidation reaction where p-positions 
of benzene rings of the WN, N-oxide II or of 
azoxybenzene are attacked by oxygen of 
protonated N, N-oxide II or N-oxide. 

A similar rearrangement of azoxybenzene to 
o-hydroxyazobenzene by ultraviolet light has 
been known”. In this case, the reaction take 
place not only in non-acidic medium, such as 
aqueous alcohol but also in solid state. The 
Russian workers’? found that the original 
excess of '°N was in the nitrogen group attached 
to the hydroxylated benzene when carried out 
the reaction in 85% ethanol for 65 hr. at 30~ 
45°C. We have carried out the reaction in 
85% ethanol containing 15% H.'%O (enriched 
by 0.67% *'°O) and found that the resulting o- 


hydroxyazobenzene incorporated very little 
excess '“O from the medium (CO, found, 
0.213% of '8O, tank CO:, 0.204% '8O). We 


favor that the reaction proceeds through an 
intramolecular oxygen radical shift from N- 
oxide. A similar free radical shift is known 
in the reaction of dimethylaniline-N-oxide with 
acetic anhydride'™. 

Further work is in progress in this laboratory 
to elucidate the mechanism using '°O-labeled 
azoxybenzene. Details of this work and further 
work will be published shortly. 


Department of Chemistry 
Radiation Center of Osaka Prefecture 
Sakai, Osaka 


9) a) W.M. Cumming and G. S. Ferrier, J. Chem. Soc., 
127, 2374 (1925). 

b) G. M. Badger and R. G. Buttery, ibid.. 1954, 2243. 
10) S. Oae, T. Kitao and Y. Kitaoka, 12th. Mechanism 
Conference Reports, the Chemical Society of Japan, Sendai, 
October, 196i. 
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Additions and Corrections 


Volume 33, 1960 


Kubokawa: Chemisorption of Hydrogen on Zinc Oxide. I and II. 

Page 550. In col. 2, line 9, for ‘‘10~31”’ read ‘‘ 10 to 31”’. 

Page 551. In Fig. 3, ordinate, for ‘‘0.0” read ‘*0.10”’. 

Page 554. In col. 2, line 22 from the bottom, insert ‘‘of desorption’’ in front of ‘‘corresponding”’. 
Kubokawa: Carbon Monoxide Chemisorption on Zinc Oxide. 

Page 557. In col. 1, line 23, for ‘‘2.5 kcal./mol.” read ‘12.5 kcal./mol.’’; In col. 2, line 9. for 
*“some’’ read ‘‘ same”’. 

Page 558. In Fig. 8, ordinate, for ‘‘1.5”’ read ‘*1.5”’. 

Page 559. In Fig. 10, ordinate, for ‘3.5, 3.0 and 4.5’ read ‘3.5, 3.0 and 4.5”’. 

Kubokawa: An Interpretation of the Elovich Equation for the Rate of Chemisorption on the 
Basis of Surface Heterogeneity. 

Page 734. In col. 2, Eq. 2, for ‘‘»”’ read ‘‘v 
Morosawa: Studies on Seven-Membered Heterocyclic Compounds Containing Nitrogen. IV and V. 
Page 1110. In col. 1, lines 8-10, delete ‘‘, together with that of the condensation product of XIV 
ethiodide with p-dimethylaminobenzaldehyde ”’. 

Page 1111. In col. 2, line 31, for ‘67.5%’ read ‘‘6.75%’°’; line 15 from the bottom, for ‘*5 
(or 6)-Ethoxycarbonyl-1,2,5(or 1,2,6)-triazazulene’’ read ‘‘5(or 6)-Ethoxycarbonyl-hexahydro- 
1,2,5(or 1,2,6)-triazazulene ”’. 

Page 1112. In col. 1, first line, for ‘* CipHi;N2O;”’ read ‘** CjpH;;O2N; ”’. 

Page 1113. Formula III should have one more double bond in the ring. 

Page 1114. In col. 2, line 5, for ‘‘ -tetrahydroheptiadole ’’ read ‘‘ -tetrahydroheptindole *’. 
Hiromi: Theory of the Influence of the Dielectric Constant on the Rate of Reaction in Solution 
with Application to Enzyme Reactions. I and II. 


” ” 


M M 
Page 1253. In Eq. 9, for.“ >; >” read “355 >”. 
k-ilak k=ilaxk 


‘ 


Page 1254. In col. 2, line 5 from the bottom, for ‘‘e; anp e;”’ read “‘e; and e;”’. 
“dlogk,” =, “*dlogk, 2)” 

d(/p) 4 Gayp) 
“dlogk”’ **d log k®”” 

— d 
d(i/D) “*" 4(1/D) 

Page 1259. In col. 1, line 12 from the bottom, for ‘‘ treatmnets’”’ read ‘‘ treatments ’’, line 3 from 
the bottom, for ‘‘ Laidler-Lands-kroener’s ’’ read ‘‘ Laidler-Landskroener’s ’’. 


Page 1257. In Table IV, for 


Page 1258. In Table V, for 


n n 


Page 1265. In Eq. 4, the last term, for ‘‘ >)”’ read *“‘)”’. 


t=1 $=1 
Page 1267. In Table I, col. 5, lines 1, 2 and 3 from the bottom, for all the ‘“‘k,’’ read ‘‘k 
Onishi and N. Ishiwatari: Spectrophotometric Determination of Bismuth with Xylenol Orange. 
Page 1583. In Fig. 6, for ‘‘0.50 “mole Bi’’ read ‘*0.55 »mole Bi’”’. 
Page 1584. In col. 1, line 3 from the bottom, for ‘‘1x107" read ‘*3.3x10°"’, last line, delete 
‘* This value is greater than that of the iron(III)-Xylenol Orange complex (510°), and is close 
to that of the zirconium-Xylenol Orange complex (4.0 107)®’’. 
Kuwata: Studies on Pelletierine. I and II. 
Page 1668. In footnote 6), for ‘‘ Konincl.’’? read ‘* Koninkl.’’. 
Page 1672. By Shigeru Kuwata (printed erroneously as Sigeru Kuwata). 
Page 1673. In Table I, for ‘‘ RHOSPHORUS PENTOXIDE’”’ read ‘‘ PHOSPHORUS PENTACHLORIDE ”’; In 
col. 2, Formula IV, the bond should be replaced. 
Page 1675. In col. 1, last line, for ‘‘m.p*”’ read “‘m.p.’’; In col. 2, line 15 from the bottom, 
for *‘ confict’’ read ‘‘ conflict ’’’; In footnote 7), for ‘* Konincl.’’ read ‘‘ Koninki.”’. 
Nakata: Correlation of Reaction Rates and Product Stabilities. I and II. 
Entirely through the author’s fault, the texts of these articles as appeared in This Bulletin, 33, 
1688 and 1693 (1960), were not seen in proof by the author before printing, and hence contain a 
number of errors which are corrected herein. The author offers his sincere apology for the 
readers. 
Page 1689. In col. 1, the formula IV should have one more double bond in the benzene ring. 
In the formula V, *‘ H;C”’ in the tetrahydrofuran ring should be ‘‘H.C’’. In the formula VI, 
**CH;”’ should be added to the oxygen at the top of the pyronone ring to give a methoxyl 
group. In col. 1, line 21, delete a comma after ‘‘indicates’’. In line 23, insert ‘‘ in’ after 
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‘* predominates’. In footnote 5), line 2, ‘* ibid., 374 (1958)”’’ should be ‘‘ ibid., 79, 374 (1958).”’ 
In col. 2, line 24, delete a comma after ‘* reaction ”’ 

Page 1690. In col. 2, under the formula VIII7, for ‘‘6M-ethyl-”’ read ‘‘ 6-Methyl-’’. In footnote 
42), line 1, delete a comma after ‘* observed ”’. 

Page 1691. In col. 1, line 24, delete a comma after ‘‘ suggest’’. In line 24, for ‘‘either’’ read 
“ether’’. In col. 2, footnote 52), lines 3—4, delete ‘‘is’’ after ‘‘ tautomer’. 

Page 1694. In col. 2, the formula IV, *‘C,’’ should be ‘* O,”’. 

Page 1695. In col. 1, line 24, delete ‘‘ is” 

Page 1696. In col. 2, line 18, delete a comma after ‘‘ accurately ”’, 
Page 1697. In col. 1, line 19, insert ‘‘in the’’ after ‘‘ percentage’’. In the formula VII7, delete 
‘*H’’ on the carbonyl oxygen. In the formula VIII7, the double bond should be replaced. 

Page 1698. In col. 2, lines 12—13, for ‘‘ electronic delocalization’’ read ‘‘ electron distribution’’. In 
line 21, for ‘** electronic delocalization ’’ read ‘‘ electron distribution ’’. In line 23, for ‘‘ electronic 
delocalization’ read ‘‘ electron distribution ’’. 


S. Yamana: Molecular Rotations of Polyhydroxycyclohexanes in Relation to their Structures. 


ef 


M. 


A. 


” 


Page 1741. In footnote 3), line 4 from the bottom, for ** =SJ[v]? ons” read ** =D] ovs 
Page 1742. In col. 2, line 11 from the bottom, for ‘* SfyJovs : 


” 


read ** S\[ x]? obs”. 
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Sato, T. Meshi and T. Takahashi: Studies on Tritium Labeled Compounds. II. 

Page 168. In col. 2, line 8, for ‘‘ A=oaNf(1—e~°-®%/')”? read ** A=aNf(1—e79-693t/T)””, 

Kinoshita and S. Umezawa: Studies on Antibiotics and Related Substances. XII. 

Page 312. In col. 2, line 11, for ‘‘ 7.8 mg./ml.”’ read ‘‘ 7.8 mcg./ml.’’. 

Sugimori: The Competitive Reduction of Nitrobenzene and para-Substituted Nitrobenzenes with 
Nickel Catalysts. 

Pages 407—411. For all ‘‘mM’”’s read ‘* mmol.’’s. 


. Sugimori and G. Tsuchihashi: Radiolysis of Crystalline Oxalato Complexes. 


, 


Page 450. In col. 1, line 17 from the bottom, insert ‘‘ per 100eV. of absorbed energy” in front 
of **)”’; line 15 from the bottom, insert *‘ per 100eV. of absorbed energy”’ in front of ‘**)”’; 
line 14 from the bottom, insert ‘‘(the number of the decomposed oxalate ions per 100eV. of 


absorbed energy)’’ in front of ‘‘are’’. 


. Katsube, K. Uesugi and J. H. Yoe: Spectrophotometric Determination of Nitrite in Nitrate and 


Sulfate. 
Page 743. In Table I, for ‘* 5000 mg. SO,?-/25 ml.”’ read ‘* 1500 mg. SO,?-/25 ml.’’. 


. Katsube, K. Uesugi and J. H. Yoe: Spectrophotometric Determination of Uranium with Sodium 


2'',6''-dichloro-4'-hydroxy-3, 3'-dimethylfuchsone-5, 5'-dicarboxylate. 
Page 827. The axis of ordinate of Fig. 3, for *‘ Absorbance at 610my”’ read ‘‘ Absorbance at 
640 my’. , 


. Yoshino, Y. Tsunoda and A. Ouchi: Manganese(III) Complexes Ethylenediaminetetraacetic Acid. 


Page 1195. In Fig. 2, for ‘** 9.34x 10-4 mol./l.”*’ read ‘* 1.40 10-3 mol./I. ”’. 
Yamana: Molecular Rotations of Polyhydroxycyclohexanes in Relation to their Structures. II. 
Page 1213. In col. 1, line 15, for ** [M]\2(W)” read ** [M]32(W)”’. 
Yamana: Molecular Rotations of Terpenes in Relation to their Structures. I. 

Page 1414. In footnote 2), line 1, for ‘*C**-Atom”’ read ‘‘ C*3-atom’”’. 

Page 1415. In footnote 10), for ‘* Zeitshel”’’ read ‘* Zeitschel’’; In footnote 18), line 3 from the 
bottom, for ‘* 0/dn{(n?+2)/}3dn”’ read ‘* 0/dn{(n?+2)/3}dn”’. 

Page 1416. In col. 2, line 14 from the bottom, for ‘* €cuf0n”’ read ** Cou, Con pit 

Page 1417. In Eq. 6, line 2, delete *‘=’’, substitute ‘‘ = ’’ before the parenthesis; In col. 1, 
line 7 from the bottom, add ‘‘in”’ after ‘‘ C'o2”’. 

Page 1418. In col. 1, line 6 from the bottom, for ‘‘to”’ read ‘‘ do 


” 
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